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DEDICATION 
English Translation of the Sanskrit verses 

Oh ! Lord Venkatesvara ! I offer thee this work 
of mine as a flower at Thy feet, who art being 
approached day and night by throngs of people 
in a flow like that of the Ganga, jumping down 
the heights of the Himalayas, crying out full- 
throated one of Thy names s ppvinda ' in shrill 
imploring voices, surging out from the depths 
of agonizing hearts ! 

The great work named Siddhanta Siromani of 
Bhaskaracarya, was indeed commented upon 
by a host of scholars both ancient and modern. 
Yet, I not a great scholar make bold to com- 
ment once again. Oh! Lord Venkatesvara! 
Thou alone Knowest and no mortal does, what 
stress and strain I underwent while working on 
this commentary. Hence I dedicate this at Thy 
feet alone not to any mortal, however great he 
may be ! 

This commentary has been written by me care- 
fully understanding the depths of both the 
ancient and modern systems of astronomy. If 
this could invoke the pleasure of well -meaning 
scholars, then I deem myself fortunate, and that 
my toil will have been weU rewarded. 
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This work indeed sucked the very blood out of 
me. It contains many a new detail unnoticed 
hitherto. Only unbiased scholars could under- 
stand the essence of this work. If somebody 
pronounces unknowingly that this is all a 
repetition of what has been already written, 
simply having turned out a few pages, how could 
he know where I showed new aspects of the 
genius of Bhaskara ? 

He, who does not study the Siddhanta Siromani 
of Bhaskaracarya, and feels that he is a scholar 
reading a few other sub-standard books on 
Hindu astronomy, does verily go to bathe in a 
dirty pond, ignoring the holy Ganga, jumping 
down the heights of the Himalayas in surging 
and dancing billows ! 



D. Arkasomayaji 
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BIOGRAPHICAL 



1. In the state known as the Andhra Pradesh, there 
is a famous city called Rajahmundry on the 
banks of the holy Godavarl. Not far away from 
this City, there is a village known Velicheru, 
teeming with Vedic and Sanskrit scholars. There 
I had my birth in a family reputed for a religious 
conduct. 

2. My mother, by name, Mangamamba led her life 
both in the- worship of my father, and her 
favourite Deity Kanaka Durga. My father, a 
Vedic scholar conducted his life on a rigorous 
Vedic path. Alas I It was not given to me to 
serve them for long ! 

3. I bow to my eldest brother Sri Venkata Rama 
who teads a rigorously religious life, and who 
it was, that initiated me into a study of the Vedic 
and Sanskrit lore. 

4. I bow to my next elder brother by name 
Subrahmanya Somayaji who has passed away 
having spent his life in worshipping God and 
godly Brahmins. 

5. Alas ! Though I was initiated into the Vedic and 
Sanskrit lore in my boyhood, I was later 
distracted into the secular English education 
only to eke out my livelihood, as if this is the 
Summum Bonum of Life. 
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6. How many like me, born in Brahmin families, 
are being proselytized into the English system 
of education burying in the Bay of Bengal all 
that is grand in the Vedic and Sanskrit lore. 

7. I raise my hands in supplication to Lord 
Venkatesvara, who took His abode on the Seven 
Hills as though to look down upon this mundane 
and irreligious world. It was He that has 
brought me here, to worship Him residing at His 

* very feet. 

8. I feel it was the deep devotion of my wife to 
Lord Venkatesvara that has brought us here, 
dislodging us from our home and hearth. 

9. May those administrators flourish, who exert 
and strive to save the ocean— like Vedic lore 
from the yawning mouth of Oblivion ! 

D. Arkasomayaji 



FOREWORD 



BhaskarScarya, the Second (c. 1100 A.D.) was ona 
of the greatest mathematicians and astronomers of the 
World. He anticipated modern theory on the convention 
of signs (minus X minus — plus) and KEPLER'S method 
of determining the surface and the volume of a sphere. 
Six hundred years before the calculus of LEIBJOTJE 
and NEWTON, BhSskara worked at the differential 
coefficient. He raised and solved the problem — 

67 x* + 1 = / 

^-a problem which FERMAT resolved after 500 years. 
The credit goes to Bhaskaracarya for having delineated 
the image of Jyotha in its proper contours and graces. 

The Siddhmasiromani is often said to be the 
mwgnum opus of Bhaskaraearya. This monumental 
treatise consists of four parts : (1) Lfkv&f (arithmetic), 
(2) Hjagmita- (algebra), (3) Goladhydya- (Trigonometry 
including spherical trigonometry) and (4) Grahaganitd- 
(Planetary motion). 

This work was edited with the Vdsandbhdsya- of 
the author by Bapu Deva SASTRI. Muralidhar JHA 
brought out two commentaries -the Vdsandvdrttika- of 
Nrsimha (1621 A.D.) and the Mami of MuniSvara (1635 
A.D.) cm the first Chapter of the Ganitddhydya (1917). 
Girija Prasad DVIVEDI's commentaries in ^mM\ 
and Hindi (volumes I & II) appeared in 1911 and 1926, 
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Bapu Deva SASTRI and WILKINSON published an 
English translation of the text in 1861. Yet the mathe- 
matical aspect of the Siddhdntaiiromani has remained a 
terra incognita to students of Hindu Astronomy. While 
Phalita-Jyotka-contirmes to be studied in traditional 
Sanskrit institutions, the Ganita-side of Astronomy is 
reduced to a secondary position. 

Realising that specialists in the twin fields of 
Mathematics and Astronomy have been diminishing day 
by day, Kendfiya Sanskrit Vidyapeetha at Tirupati has 
started a project entitled , ' ' Coordination of Sanscrit 
and Ancient Indian Sciences Under this scheme, 
Dr. Arka Somayaji has now come forward to give an 
exposition and annotation of the Siddhdntaiiromani in 
simple English based on the language of modern 
Astronomy for the benefit of the students and scholars 
interested in the Khagola-sdstram. 

Dr. Arka Somayaji is an eminent scholar in Mathe- 
matics and Dynamic or Spherical Astronomy. He hails 
from a family of " Siddhantin-s To whet his appetite 
in learning the mnemonical methodology for compiling 
an almanac, he studied Mathematics and Jyotisa (includ* 
ing Spherical Astronomy). He learnt the Taittiriyd- 
samhita under his brother, Dhulipala Venkatarama 
Avadhani of Rajahmundry. He wrote a thesis on "A 
Critical Study of the Ancient Hindu Astronomy which 
was published in 1972. He has to his credit eight works 
including the Jyotirvijndnam (1964) and two Sanskrit 
poetical compositions (Brahmdnjali and the Hanumat- 
vijaya-). He won the President's award in 1974. " 
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In order that critical editions of rare and valuable 
texts on Jyotisa be brought out, the Tirupati Vidyapeetha 
appointed Dr. Arka Somayaji as Reader in Hindu 
Astronomy. Accordingly the Vidyapeetha has undertaken 
the publication of his English annotation of the 
Siddhantatiromani. I trust this treatise will go a long 
way not only to project India's image in the World of 
Mathematics and Astronomy, but also inspire scholars 
from the transoceanic distance to listen to the jungle roar 
of the ancient Indian Wisdom. 

Kendriya Sanskrit Vidyapeetha <v M. D. BALASUBRAHMANYAM 




Principal 



PREFACE 



From the Mathematician's point of view, Bhaskara- 
carya's Siddhanta &romani contains all that was beautiful 
in the Ancient Hindu Astronomy. I am aware, that a 
translation of this work into English was done logg ago 
byM. M. Bapudeva Wastry and Wilkinson; but I did 
not have the good fortune of having a copy in my han^s 
all these years. I did. go through the translation once 
long ago, but it gave me the impression that all the 
beauties there that appeal to a Mathematician were not 
brought out fully. ■ There are, however, a good number 
of Sanskrit commentaries both ancient and modern but 
even they, in my humble opinion, have not done full 
justice %o the ekacidation of Bhaskara's mathematical 
genius. Further misinterpretations are not infrequent 
in some of those books, as will be pointed out in the 
course of this book. 

What has sponsored me to undertake to write an 
English commentary, (I may add that a Sanskrit 
"commentary also has been written by me on this wottc 
and has been awaiting printing) is essentially that innumer- 
able modern professors of Mathematics complain many 
a time that there is no such a presentation of Siddhanta 
Siromani in English as will enable them to assess the 
Mathematical content of it in the light and language of 
modern Astronomy. Hence, I have sought to produce 
a fresh commentary, which 1 hope will meet the' desire of 
such professors and students of Mathematics-. may add 
here that this work of mine, seeks to present only the 
mathematical side of Siddhanta SiromanL It is ho history 
of Hindu Astronomy, where the originality of the 
Ancient Hindu Astronomers is sought to be evaluated. 
I may confess that I am no historian; t * 
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In the course of this book, I shall have occasion to 
quote from most of the Astronomers of ancient India 
like Aryabhata I, Varahamihira, Lalla, Aryabhata U, 
Brahmagupta, Bhaskara I, Munjala, Vatesvara and 
Sripati not to speak of some others, whose books are 
available in print or manuscript. 

One thought that lurks in my mind, I make bold to 
presint in this preface. I say * I make bold ' because, 
there are some historians of Hindu Astronomy, who are 
too ready to attack me if I claim that there must have 
been not a primitive astronomical activity in ancient 
India prior to Aryabhata I. The reason for their attack 
is that prior to Aryabhafa's work, only one crude 
Vedanga Jyotisa has come to light. Also some of these 
historians have a strong impression that the galaxy of 
Imdu Astronomers ranging from Aryabhata derived an 
incentive from a foreign source especially the Greek. If 
such historians agree to keep an open mind, I make bold 
to present my thought as follows . In my humble opinion 
there must have been considerable astronomical activity 
in ^cient India even prior to Aryabhata. This is borne 
out by the following expressions of Aryabhata and others. 
Aryabhata says 1 that he dived into the then extant astro- 
nomical lore, which got mixed up with mathematical and 
non-mathematical (mythological or otherwise) knowledge, 
and by his intellect and the grace of his Goddess, brought- 
out the truly mathematical. Varahamihira 2 says that he 
was codifying the then extant five Siddhantas, out of 
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which the ' Sfivitra' was more accurate. Btahmagupia* 

says, again, that he was giving a clear presentation m tke 
ancient Brahma Siddhanta which got obsolete by a l«mg 
lapse of time. In the wake of these statements and a 
number of others, is it not right to construe that there 
did exist some ancient astronomical texts which are lost 
to us. If, as asserted by a host of modern interpreters, 
we think that there was only the crude Vedangajyotisa, 
before Aryabhata, does it not tantamount to saying that 
these three great astronomers .(leave others) were 
impostors, who, having derived their knowledge from a 
foreign source, simply claimed that there were existent 
before them, Saura, Brahma and some other Siddhantas 
which dealt with Graha-ganita. It is uncharitable to say 
that three rational astronomers were sueh impostors. So, 
we must conclude that there did exist some astronomical 
activity, which we have no right to call primitive like the 
Vedangajyotisa. Some might think that there might be 
existing some other texts in between the times of 
Vedangajyotisa and Aryabha but that at the time of the 
Vedangajyotisa 4 (roughly 1180 B.C.) astronomy in India 
was that crude. Even this conclusion need not be 



"I am going to tell clearly what has been, the best, what 
has been kept secret and briefly - worded in a nut shell 
from out of the works of ancient Acaryas ". 

"The Siddhanta of pauliSa is allright, the Romaka is very 
nearly the same, but the Suryasiddhiiita is more accurate, 
whereas the two otters Vasi$tha and paitamaba are crude". 

6rf*tetor% ^ fasnr^dST^H l Verse 2— Cb. I. 

4. As per statement 

Varahamihira quoting the meaning of the verse. 

gittflj ^f^roiT Verse 7— Vedangajyeti?a, the vernal 

equinoctial point was at the beginning of Dhaoistha, 
which means that the time was 1180 B.C. approximately. 



correct, !bf the simple reason that, *ven;foday, cfisle 
works exist side by side with advanced works. ; The 
simple fact that a Vedangajyantisa- belonging to 1180 
B.C. has been unearthed and nothing . else, is not a 
complete proof that there did not exist more advanced 
? texts some where else in such a big country like India 
\ especially, when locomotion or transport was difficult. 

Just one more thought, I place before the learned 
historians, which is pertinent to this context. According 
to geology, biology and some other similar modern 
sciences, the first man came into the cosmic picture some 
millions of years ago . If that be so, how is it that we say 
.-that man remained stupid all these years and happened 
suddenly to blossom into a genius one fine morning round 
rabout Eighteen fifties (1850 A.D.) whereafter came a) 1 
Scientific discoveries in a series, as if by the waving of a 
magic wand? It could not be so, as if, we are the chosen 
few of God. Civilizations must have been there, which 
got buried in the bosom of the earth, as has been revealed 
by the Mohenzadaro excavations. Hence we are not 
right in saying that the ancient Hindu civilization was so 
primitive at 1150 B.C. as is reflected in the Vedanga 
Jyotisa. This is another and more important reason that 
this author makes bold to place before the historians as 
to why he (the author) does have faith in the statements 
of Aryabhata, Varahamihira and Brahmagupta who said 
that they were peacing out the knowledge contained in 
the then extant works signifying at the same time that 
many more books were 4ost eveh to.them. . J* ;* 

In this commentary of mine, I have chosen to keep 
the commentary away from the Sanskrit text and Bhas- 
kara's own Vasana Bhasya, for, otherwise the bo6k grows 
bulkily unwieldy. I have chosen to keep silent over 
passages which do not call for a.mathematical elucidation. 
Here and *here I have chosen to present what modern 
astronomy presents in some particular contexts, so tha*, 
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mathematics students who do not happen to study 
modern astronomy may have a better perspective of the 
ancient Hindu astronomy, presented in Juxtaposition to 
the corresponding modern treatment. However, I do not 
propose to enter into the intricacies of modern astronomy 
which are not called for to elucidate the text. 

Before concluding, it is my sacred duty to thank the 
Rastriya Sanskrit Samsthan, under the Ministry of 
Education, Social Welfare and Culture, Government of 
India, for having accepted my work under the publication 
series of K. S. Vidyapeetha, Tirupati and the late- 
lamented Dr. M. Ananthasayanam Ayyangar, former 
Chairman of KSV and Ex-Governor of Bihar, who 
encouraged me in my studies on Hindu Astronomy. 
Dr. M. D. Balasubrahmanyam deserves my thanks for 
the encouraging interest he has shown in the publication 
of this annotation, 



p. Arkasomayaj^ 
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Ferae 1. May the Sun at once give expression to 
our tongue in meaning ful words-that Sun, who rises 
to protect this world, whose duty it is to expel darkness, 
who is reported to be the Spouse of the lotus-creeper, who 
purges out the sins of all those that supplicate hira, and 
on whose rising take place Vedic sacrifices and thereby 
the gods in heaven headed by Indra get feasted. 

Commentary (Comm.). Needs no Commentary. 

Verse 2. Excels that blessed Brahmagupta, the son 
of Jishnu, who is hailed as the crest-jewel of Mathemati- 
cians ; excel also those like Varabamihira who were the 
authors of well known works, who were adepts in reason- 
ing, and u age of beautiful expression and on a study of 
w.hose works, one like me even of lesser intellect, will be 
able to produce monumental works. 

Comm. Needless to comment. However, we may 
state one thing. Bhaskara'a quoting the name of Brahma- 
gupta at the very outset,, and that too with reverence, 
informs us that he is going to accept the Agama of 
Brahmaoupta in preference to that of others like Arya- 
bhata. This means that he is going to adopt the numbtr 
of revolutions of planets U a Yuga and such other astro- 
nomkal constants as were adopted by Brahmagupta. This 
point will be clarified later. 

Verse 3 This blessed author Bhaskara is now writing 
the work named Siddhauta-Siromani, the crest-jewel of 
all astronomical works, for the pleasure of good minfod 
astronomers, after having bowed to the lotus-feet of his 
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father, from whom he has derived his knowledge; this 
work, containing good metres, will be easy to understand, 
besides being flawless and clear, and will enable intelligent 
readers to develop their ability |o understand things. 

Comm. Not neeessary. 

Verse 4. Ancient astronomers did write, of course, 
works abounding in intelligent expression; nonethe- 
less, this work is started to give expression to some 
lacunae in their works. I am going to make amends for 
the deficiencies of the older works and these improvements 
will be found here and there in their respective places ; So, 
I beseech the good-minded mathematicians to go through 
this entire work of mine also (for, otherwise, they may 
not locate my own contribution). 

Comm. Not necessary. 

Versed. May the good people be rleased with the 
particulars of my contribution ! May the ill-minded people 
aUo derive pleasure out of ridiculing me with ignorance 
unable to understand my contribution ! 

Comm. Not necessary. 

Verse 6. A Siddhanta work ie an astronomical trea- 
tise is such a one which deals with the various measures of 
time ranging from a Trti (to be explained shortly) uptc 
the duration of a Kalpa which culminates in a deluge; 
planetary theory, anthmatical computations as well as 
algebraical processes, Questions with respect to intricate 
ideas and their answers, location of the earth, the stan 
and the planets, and description'and usage of instruments 

Comm. Not necessary. 

Verse 7. Though one knows astrology and that par 
Gf the science of Jyotisha which is known as Samhita (anc 
which deals with various subjeets tike Muhurtas i.e, auapi 



{ oious moments to be prescribed for various funetiofrs, 
Degarishlas ie Calamitous occurences to the countries etc.) 
which form a part of the Science, he^ cannot answer so 
many intricate probhms pertaining to Artronomy. Suoh 
a person, who does not know the astronomical part of the 
science, which abounds in innunerable reasonings, is one 
like a king depicted in a drawing, or a lion fast tied to a 
pole. 

Comm. Not necessary. 

Verse 8. The Science of Jyautieha without Astronomy, 
is like a king's aimy Without roaring elephants though ex- 
celling in horses etc ; is like a garden without mango trees, 
or like a lake without water, or again like a laiy parted 
with her newly married lover. 

Comm. Not necessary. 

Verse 9. The Vedic lore prescribes Sacrifices to be 
performed ; these sacrifices are based upon a knowledge 
of appropriate time to perform them. This science of 
astronomy gives a knowledge of time ; hence it has been 
reckoned as one of the six Vedangas or limbs of the Veda. 

Comm. Not necessary. 

Verse 10. (Out of the six Vedangas) The science of 
grammar is like the face of the person of the Veda, the 
soience of Jyautisha takes the place of the eyes, the 
Nirukta that of the ears ; the Kalpa that of the hands ; the 
Siksha that of the nose and the Chandas the place of the 
feet. 

Comm. Not necessary. 

Verse 11. This science of Jyautisha being depicted 
as the very eyes of the Person of the Veda, so it has beefi 
acclaimed as the most important of the six Angas or limbs 
of the Veda, in, as muoh as, even if & person be endowed 
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With limbs like the ears, nose eto, if he be devoid of vision, 
he could not do anything. 

Comm. Not necessary. 

Verse 12. (Since this Science of Astronomy has been 
declared a* the most important of the Vedanga«) hence 
this has to be studied by the Dwijas (ie Brahmins Kshatri- 
yas and the Vaisbyas who form the three higher castes), 
also because it is sacred, seoret and the best discipline. By 
so doing they would acquire Dharma, Artha, Kama a3 well 
as fame (Life is depicted as having a four-fold purpose out 
of which, Dhaima, Artha and Earn* foim the first trio, 
Moksha being the ultimate goal of life). ' 

Comm. Not necea3ary. 

Verses 13 and 14. The creator having created the 
stellar circle along with the planets, placed the latter at the 
beginning of the circle, put them in constant revolution, at 
the same time putting the extreme two stars (on either 
aide) in a fixed position. 

Comm. Bhaskara's own commentary Vasana Bhasha 
under this verse mentions the following points, which are 
to be noted. The twenty seven stars known as Aswini, 
Bharani etc. occupy positions roughly at equil distances 
along the Zodiac, arranged from west to east. The planets 
were all placed in the beginning of the stellar circle in 
such a way tbat they were in a straight line the moon, 
Mercury, Venus, Sun, Mars, Jupiter aad Saturn occupying 
consecutive positions from the earth in increasing dist- 
ances not of uniform measure. The circle of stars known 
as the Zodiac lies far behind all the planets. There is a 
wind known as pravaha which keeps the entire ZDdjac, as 
well as the planets below going rouad and round in the 
Westerly direction. At the eama tim 1 , the plaaets while 
participating in this westerly motion, have themselves 
individual motion towards the east. Two stars, are placed 
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one at the north-pole and the other at the south, and' they 
are fixed 1 . The diurnal motion due to pravaha is far 
greater than the individual motion of the planets among 
the stars in a direction from west to east ie the direction 
opposite to that of diurnal motion. 

In this context, it is worth-noting that Aryabhata I 
mentioned the diurnal rotation of the earth in the verse 
" STg^Wlfd:-.'' Bhaskara must have been aware of this a 
yet, in spite of his rational outlook in all matters, mis* 
guided himself in this respect (vide verse 3 Madhyagati- 
vasana-Goladhyaya),. apparently for fear of tradition. 

Verse 15. The first Mabayuga, the first year, the first 
day of the bright half of the first month named M*dhu, a 
all of thfm began simultaneously at the Sun-rise 3 at Lanka 
on Sun- day, at the beginning of the first Kalpa whioh 
marked the beginning of creation. • 

Comm. Though, in the Commentary before, Bhaskara 
gave expression to the fact that Time is eternal with no 
beginning and no end, herein he mentions the point of 
Time when creation commenced. So, at the back of his 
mind, the concept of Time arose only at the beginning of 
creation, whereas before creation, as well as after deluge 
the 3*f?qffa*;srs?T, there was and would be neither the 
concept of Time nor space. In other words, both space 
and Time are manifest only after creation, and get extin- 
guished after deluge. 

Verses 16, 17 and 18. The unit of Time named Tafc- 
para is l/30th of what is known as Nimesa or the time 
taken during the fall of an eyelid; One-hundredth of a 
Tatrara is known as a Trti ie the time taken to pierce a 
lotus-leaf with the finest needle. Eighteen Nimes?is are 
equal to a Kasths. Thirty Kastbas are equal to a Kali, 
and thirty Raise are equal to one sidereal ghatT. Two 



(5 



4 ay Thirty sidereal days are equal to a sidereal month 
*nd twelve sidereal months make a sidereal year (noli the 
^dereal solar year) The Zodiac, divided into twelve ra^ 
and 360 degree*, a degree divided into 60 minutes of arc 
and a minute divided into 60 seconds of arc all correspond 
to the year and its successive divisions. 

Comm. In the Commentary under these verses, Bhaa- 
karagwes further details of division of time as follows. 
Ihe time taken to pronounce a guru, i.e. double the time 
of pronouncing a short vowel, is one-tenth of a Prgna 
which is the time required by a he althy person to inhale 
and exhale once. Six Praoa* make one Vighail and s.xty • 
gbatis make one sidereal day. It may be oka-ly noted 
here tUfe this sidereal month consisting of thirty sidereal 
days is not the sidereal month that is the time taken by 
the Moon to go round the Zodiac, nor the sidereal year 
defined above is the time that the Sun takes to go round 
the Zodiac once in his aoparent annual motion. To distin- 
guish these latter divisions of time, we shall use the 
nomenclature sidereal lunar month and sidereal solar year 
There are further other divisions of time which will be 
later elucidated. 

Verses 19, 20. The time taken by the Sun to com- 
plete one revolution with respect to the stars goes by the 
name The sidereal solar year'. This will be a day for 
tnu gods and demons. The time that elapses between two 
consecutive new moons or conjunctions of the Moon with 
the Sun is called a Chandra-masa or a lunar month or 
simply * lunation. This again is the day of the Pitrs or 
me Manes. 

v i The time that elapses between two oonsecuti?e Sun- 
rises at a place is termed the Savana day or civil da? 
.Tteis is called Saur^Stvana day and it is also the dav of 
the earthv y 
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The sidereal day is the time taken by the stars to gto 
round the earth once. It is called Naksbatra-dina. 

Comm. In Hindu mythology gods are supposed to 
reside at the north- pole, where one civil day is the same 
as one sidereal solar fc year for the other places ; also the 
demons are supposed to reside at the south pole so that 
their civil day also is equal to a sidereal solar yf ar. But, 
what is day to the gods is night to the demons and vice* 
versa. 

If we call the earth, the moon of the moon so to eay, 
which it is so, when it is the moment of new moon for the 
earth, it is the moment of Full Moon to the Moon. Thus 
what is a Cbandra-masa to the earth may very well be 
called with respect to the Moon a Bhauma-maFa. In 
Hindu mythology the manes are supposed to take residence 
on the surface of the Moon. We know from modern 
astronomy that the moon revolves about her axis once 
roughly in a lunation. Thus for ' the man on the moon ' 
a day is roughly equal to our lunation. So if the rmnes 
were to reside on the moon, their day is eqi al roughly 
to a lunation of cure. We say * roughly ' because as we 
see under the chapter of the lunar eclipse, the moon 
almost shows the same face to the earth on account of 
what are called ' librations in longitude '. On this count 
the time of rotation of the moon does not exactly coincide 
with the time of a lunation. 

A civil day for a plaoe is also the civil day for every 
place of the earth so that it is called the earth's day, By 
* day ' here we do not mean the time when the Sun is 
above the horizon, for' that time differs from plaoe to place 
on the earth. A civil day is the sum-total of the duration 
of day and the duration of night for any plaoe and it will 
be seen that this is the same for the entire earth except al 
the places having perpetual day. The word Sauia Savana 
is used to signify that the time that elapses between two; 
consecutive rises of any other planet is termed tfce g&v&nfc 
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day pertaining to that plane*. Time the Chandra- Savana 
day is roughly equal to 24 hrs-52 1 and this is the longest 
of the Savana days pertaining to the planets. The shortest 
Sgvara days is that of the Saturn, since Saturn moves a 
very little along the ecliptic and his Savana day is there-, 
fore just a little longer than the sidereal day. This nomen- 
clature brings in the phenomenon that the Savana day of a 
retrograde planet happens to be less than a sidereal day. 
But in a given time, which is sufficiently long like a yugaj 
the Savana days of a planet are equal to the number °of 
sidereal revolutions in that period minus the number of 
the planetary revolutions in the same period. This will 
be constant for a given planet in such a long period, 
though individual days happen to be some shorter and 
some longer than a sidereal day. 

The modern sidereal day is the time between two 
consecutive rises of the equinoctial points and as the equh 
noctiai points have a slow retrogjade motion, the modern 
wdenal day is just a little shorter than the Hindu sidereal 
day, which does not take cognizance of the revolution of 
the equinoctial points round the tarth in reckoning diurnal 
motion. The Hindu astronomers speak of the revolution of 
the stars only around the earth in the context of diurnal 
motion. It will be noted that the Saura-Savana day or the 
civil day will not be of the same duration, sinoe the Sun has 
unequal motion amongst the stars from day to day. When 
the Sun is in perigee and has the max. daily velocity, his 
Savaua day at that moment is the longest and the Saura. 
Savana day when the Sun is in apogee will be the shortest." 

' Though in Indian Chronology a day is divided into 
sixty ghatis for convenience, these ghatis are evidently 
longer than the Nakshatra-ghatis.or the sidereal ghatis 
which are of a fixed duration. Thus a Savana ghat* is a 
little longer thaa a Nakehatra-gbati and what is more a 
Saura-Savaaa ghati is of a variable duiation from dav to 
Ofcy* the variation being of course very small. 
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The concept of a. month originally arose out of the 
phenomenon of new-moons, for, this phenomenon aloim 
appeals to every lay man, when he could not sight the 
Moon. The concept of an year arose originally out of 
what is called a tropical year, which is the time between 
two consecutive conjunctions of the Sun with an equi- 
noctial point and which it is that makes the seasons recur. 
Thus the primitive man must have had the ooncept of an 
year when he once saw the mango trees blossoming and 
again when he caw them blossom. This is why the Hindus 
celebrate the new year's day with eating the neem flower 
with unripe mangos, which goes by the phrase Nimba- 
Kusuma bhakshanam or eating the neem flower. In the 
Vedic times, however, the year began with the luni- Solar 
month called Marga-Sirsa, which brings in the new year 
crops. In the Vedio sacrifices, there is thus what is called 
the Agrahayanesti, where the word Agra-hayana means 
the Marga-Sirsa month. The etymology of the word is 
that an* £r*W 3^ 3U3T§T«nJiH ie the year is ahead of this 
month, which therefore is the beginning month of the year. 
This is also why the ancient lexicon Darned Amarakosfa 
enumerates the months from Marga-Sirsa. This is the 
month when the full moon occurs when the Moon is in the 
star Mrgasfira. We have also an inkling from this that the 
vernal equinoctial point was probably situated in the star 
Mrgas'ira! The Veda however enumerates the stars from 
the Btar Krittica, and we have a statement in the S'ata- 
patha-Brabmana tbat " i*ar 5 % $f%*>T: UV^t f^ft * 3 ^ 3 3 % 
ie Behold ! these stars which go by the name tbe Krit- 
tioas do not deflect from the east-point. As this group 
of Krittikas is situated on the ecliptic, the statement that 
they were risiog in the east signifies that the Vernal equi- 
noctial point was situated in the Kritticas". Arguing 
about the situation of the vernal equinoctial point in the 
so-called Vedio times, the late Lokamanya Bala Ganga- 
dhara Tilak concluded that Vedio literature must have had 
its beginning about eight thousand years ago, 
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From the original concepts of the month and the year, 
farther concepts of the different kinds of month and the 
year arose with the advance of astronomical knowledge. 
We shall deal with these different kinds of the month and 
the year in their respective contexts. 

In these two verses, we have the definitions of Saura- 
mana, Daiva-mana, cbandra-mana, Paitra-mana, Savana- 
m5na and Naksatra-mana, six of the nine mauas, ie mea- 
sures of time. 

Verses 21, 22, 23, 24, 25. The four yuga-padas named 
Krita, Treta, Dwapara and Kali consist of 4X432000, 
3 X 432000, 2 X 432000 and 432000 mean solar years 
respectively, the sum total of which consisting of 
(4+3+2+1) X 43200 = 43,20000 mean solar years, is 
calleda yuga. Each of the yuga-padas above are inclusive 
of what are called their respective SandhySs and Sandh- 
yamsas which constitute one-twelfth of their own durations. 

A Manu's duration consists of 71 yugaa and 14 Manutf 
duration is reported to be the day-time of Brahma, whose 
night is also of an equal duration. 

The duration of a Mann, known as a Manyantara has 
a Sandbya-Kala on either side, ie before and after, equal 
to one Krita. If these are taken into account, the day- 
time of Brahma amounts to one thousand yugas and it 
goes by the name a Kalpa so that a complete day of 
- Brabma equals two Kalpa?. The life-duration of Brahma 
consists of one hundred years on this soale (where one 
y ear = 360 days). This life-duration of Brahma goes by 
the name Maha- Kalpa, as reported by elders. In as muoh 
as Time was without a beginning and will have no end 
either, I do not know how many Brahmas have gone 
before. 

Comm. In these verses we are given what is known 
as Brahma-mSaa, the seventh of the nine manas. Inciden- 
tally we are also given the measures yuga -pad as, yugas, 
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Manvantaras and a Eat pa. Since in many ancient astro- 
nomical works, the revolutions of the planets and the 
planetary points like nodes, apogees or aphelia are given as 
integers during the course of a yuga f the concept of a yuga 
must bave arisen as follows. The durations of the sidereal 
revolutions of the planets and the apogee of the Moon and 
its node having been ascertained by observation, a period 
was calculated in which are contained integial multiples of 
those durations. In other words a yuga of 4320000 mean 
solar years is construed as the period in which the planets 
the node and apogee of the Moon make an integral number 
of revolutions with respect to the stars. 

We have excluded here the aphelia and the nodes of 
the planets, as we shall see later tbat tbeir sidereal revolu- 
tions were not based on observation but by an assumption 
that those points also must be having an integral number 
of revolutions during the course of a Ealpa, having started 
at the beginning of the Hindu Zodiac ie the beginning 
point of Aswini at tbe beginning of the Ealpa. On this 
assumption cited, and using indeterminate analysis the 
number of their sidereal revolutions were got as reported by 
Bhaskaracharya in his Commentary in the chapter Bhaga- 
nSdbyaya. He has given us a clue that the numbers of 
sidereal revolutions of the planets including the node and 
apogee of tbe Moon were originally determined by observa- 
tions though he appeals to Agama that those numbers were 
given by Agana, as accepted and transmitted by Brahma- 
guptacharya. Even in the Upapatthis or proofs that BhaB- 
karacbarya gives regarding the numbers of sidereal revolu- 
tions known as Bhaganas, we perceive that he consciously 
commits the logical flaw known as sefownsp^'ta as we are 
going to show in that context. The proofs he adduces are 
indeed based upon Aryabhatacharya's verse 48, Golapada 
namely 



and on BrahmagapfcSoharya'a verse 12, oh. 20 namely 

m& $?*r ^fts?q^ cf^c 

Aryabhataoharya and his immediate followers Lalla- 
oharya and Vateswaracharya make the yuga-padas of equal 
duration. Brahmaguptacharya criticises Aryabhata for 
having said so against the Canons of the Smrtis as well as 
Komaka for having ignored the concept of yugas, manvan- 
taras and Kalpa, as this he deems as a heresy (Vide verses 
9 & 13 ch. I). 

Indeed there seem to be two schools among the ancient 
Hindu Astronomers one of Brahmagupta who wa9 followed 
by Sripati, Bhaskara and a number of others and the other 
of Aryabhata who was followed by Lalla, VateBwara, Bhas- 
kara I, and a host of others mostly hailing from Kerala. 

There is an Aryabhata who has been termed Aryabhata 
II and who wa9 the author of a book named Brihad-Arya- 
bhabiyam or Maba-Siddhanta as it is also called. M, M. 
Sudhakara Dwivedi mentions in his Ganaka-Taranga^i, 
that this Aryabhata should have existed after the author of 
Modern Surya Siddhanta. Aryabhata I, Aryabhata II, many 
of the Kerala astronomers used a different nomenclature to 
signify numbers, denoting them by letters. Thus one of 
the distinguishing features of the Kerala school of astrono- 
mers (not all of them) seems to be to use letters for numbers. 

One Kalpa = 14 Manvantaras = 14 X 7.1 yugas + 15 
Sandhis in between the Manvantara3 eaoh equal to a Krita 
ie 4 Kalis == 994 yugas + 60 Kalis = 994 + 6 yugas — 
1000 yugas — 4320000000 mean Solar years. 

Bhaskara speaks of Sandhyas and Sandhyamsas each 
of them equal to T \ of the yugapadas. 

Thus one Kali = 432000 years -1200 Divyabdas (gods* 
years each year being equal to 360 Solar years) = 1000 + 
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iOO Hr* 100 Divyabdas since T V X 1200 =» 100 =* measure 
of the SandhyS and Sandhyamsa times. At this rate Bwa- 
para - 2000 4* 200 4- 200 Divyabda* and so on. However, 
the measure of the Sandhyai with respect to a Manvant&to 
does not follow this one-twelfth rule, because a Krita Is 
not -&th of bhe Maavantara. Thus 1000 Divyabdas « oile 
Kali excluding fcandhya and Saodhyani3a, whereas 1000 
yugas = one Kalpa including the Sandhyas and Sandh* 
yamsas. 

When a yuga was conceived as a period wherein the 
planets make an integral number of revolutions, it goes 
without paying that they make integral numb3ra of revolu- 
tions in a Maavantara or a Kalpa. When a Kalpa was con- 
ceived as the period in which the slow-moving planetary 
points aphelia and nodes also make an integral number of 
revolutions, one wonders how a manvantara wa3 conceived. 
It is further peculiar why such an odd number 71 was 
chosen, when it wa3 said that 71 yugas make a Maavantara 
One also wonders why the modern Suryanddhanta says 
that after the Kalpa began, creation started only after 47400 
Divyabdas whereas neither Brahmagupta nor Bhaskara 
speaks of this. As a matter of fact Bhaskara mentions 
later the number of years that had elapsed upto the begin- 
ning of the Saka era, as equal to 1972947179, but does not 
speak when the creation of planets and stars began actually. 

Verse 26. Half the life- period of the present Brahma 
has elapsed ; some said that only eight and half years of 
his life has elapsed — Let the Agama or tradition be 
whatsoever; we don't have any need of knowing it be- 
cause the planetary positions have to be computed only 
from the beginning of this Kalpa. 

Comm. Vateswara it was that mentioned that only 
eight and half years of the present Brahma had elapsed 
(Vide verse 10 Madhyadhikara dh. I Vateswara Siddhanta) 
Vateswfcr* prescribes that Ahargana or the collection <tf 



days has to be calculated from the birth -time of this 
Brahma, but Bbsskara rightly points out that it is a waste 
of labour, for, all the planets must have returned to the 
Zero •point of the zodiac ie the beginning of the Star Aawini 
at the beginning of this Kalpa and hence it is sufficient to 
calculate only from the beginning of this Kalpa. Further 
Bhaskara states that when the very planets did not exist 
during the last elapsed night of Brahma, what is the fun 
of calculating their positions. 

There is also a tradition that there are nine Brahmas 
and that the present one is the very first. This tradition 
Bhaskara does not mention, because he exclaims that he 
does not know how many Brahmas have gone by, Time 
being without a beginning. 

Verse 27. In as much as the creation started only 
from the beginning of this Kalpa which is the present day* 
time of Brahma, and because deluge takes place at the end 
of the day-time, the question of Computing the planetary 
positions arises only when the planets exist. If some (the 
allusion is to Vateswara) propose to compute the planetary 
positions even when the very planets did not exist, may we 
salute those great people ! 

Comm. Not necessary. 

Verse 28. Six Mamis have elapsed in this Kalpa, 
thereafter twentyseven yugas, as well as three yugapadae 
namely Krita, Treta and Dwapara. Farther S179 years of 
this fourth yugapada namely Kali have elapsed by the end 
of the Saka king (which moment was the beginning of the 
Saka era). Hence in the present Kalpa ie the day-time 
of this Brahma, 19729 47179 years had elapsed upto the 
beginning of the Saka era. 

Comm. The computation is as follows : 

6 Manvantaras = 6 X 71 X 10 KaliyugaB since each 
Mauvantara Consists of 71 yugas and a yuga Consists of 
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\en Kaliyugas (one yoga — Krita -r-Treta 4- Dwapara 4- 
Kali « 4 + 3 + 2 -f 1 — 10 Kaliyugas). The Sandhis 
that were there in between the Manm and in the beginning 
of the first Manu are seven and each Sandhi being equal to 
one Krita or four Kalis, the seven 8andhis = 7 X 4 = 28 
Kaliyngas. 

Further it is stated that 27 yugas had elapsed in the 
present seventh Manvantara known as Vaivasvata whiob 
are equal to 27 X 10 = 270 Kaliyugas. Further in the 
present yuga, Krita, Treta and Dwapara had elapsed equal 
to 4 + 3 + 2 =9 Kaliyugas. 

Thereafter in the present Kaliyuga 3179 years elapsed 
opto the beginning of the Saka era. Thus totalling we 
have 4260 + 28 + 270 + 9 kalis + 3179 years. 

= 4567 kalis + 3179 years. 

= 4567 X 432000 + 3179 years. 

= 179 294 7179 year as mentioned. 

Verse 29. The six Manu? that went before the present 
Vaivasvata were Swayambhuva, Swarocisa, Auttama 
Tama3a, Raivata and Gakshusha. 

Comm, Clear— Upto this point we have seen the 
Brahma man a, the seventh of the nine manas. 

Verse 30. The Samhifcikas declare that a Samvatsara 
is equal to the time of a mean sidereal revolution of Guru 
the Jupiter (This is the Barhaspatyamana). The ninth 
mSna named the Manushyamana is composite of the four 
manas (as detailed in verse 31). 

Comm. The years of the Barhaspatya mana are enu- 
merated as Vijaya, Jaya etc which are sixty in number. 
The same names are also adopted in the cSndramSna ie 
the luni-Solar reokoning (In vogue in the Andhra Pradesh 
and some other provinces too) only with the difference that 
prabhava is taken as the starting year in which sequence 
Vijaya happens to be the twenty-seventh year. Since feh© 
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^aa sidereal - revolution takes roughly 113 years* rfivft 
revolutions take 59 mean solar y«ars. The sixtietb^yw" 
thereafter of., the Jovian Cycle is considered as an Adi£ 
Samvatsara thereof so that the luni-Solar reckoning *s we|k 
asjthe jovian reckoning get wedded together. Thus to get? 
the jovian year we have simply to add 27 to the lunitsolar 
year. The wedding of the two reckonings has its analogy 
in the process of intercalation which weds the solar reckon- 
ing with the luni-Solar only with the difference that 
months of the latter reckoning are set apart as Adhika 
or extra months. Just as the process of intercalation 
brings in its train what is called a Kshayamasa as per the 
convention that, that month would be set apart as an 
Adhikamasa, which does not carry a Samkranti ie entrance 
of the Sun into the next Rasi, in which process there 
appears a month in which there may ocour two Samkrantis 
which is hence considered as a Kshayamasa, ju*t in a 
similar way that luni-Solar year in which the Jupiter 
enters the next Easi, is supposed to be normal whereas that 
year in which such an entrance does not take piaee is 
deemed an Adhika year and set apart while that year which 
carries two entrances is deemed as a Kshya year. The pro- 
cess of intercalation which weds together the solar and the 
luni-solar reckonings will be elucidated further in its appro- 
priate context. The word Samhitikas means the authors 
of the works called Samhitas like the Varaha-Brihatsamhita 
etc. 

Verse 31. The manushya-mana or that which men 
follow, adopts the year, the Ayana the Rtu or the season' 
(six in number during an year) and the yuga acoording to 
the movement of the Sun ie according to Sauramaaa the 
months and the thithis according to the luni-solar reckon- 
ing ie according to Chandramana the Vratas, upavasas, 
treatment of diseases, deliveries of ladies, the names of the 
weeks all these according to the reckoning of civil days 
ie.according to Savanamana and finally the ghatis Vighatis 
•jft etc, according to the Nakahatramana, 
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Comm. A lunation is divided into thirty tithis, whiob 
go by the names pratipat etc. of which there are fifteen in 
the brighter half of the lunation and fifteen in the dark 
fortnight. The pratipat titbi is that duration of time be- 
ginning from the moment of New Moon and ending when 
the Moon has over taken the San by 12° ; the seoond tithi 
named dwitiya begins at the end of pratipat and lasts upta 
the point of time when the moon's elongation is 24° and so 
on. Thus the tit his are seen to be of unequal length in as 
much as both the San and the Moon have unequal motion. 
The mean duration of a tithi is seen to be a little less than 
a civil day since a lunation has roughly 29^ civil days. 
There is a convention that the tithi which is current at a 
Sun-rise will be considered to be the tithi of the whole day. 
As per this convention it so happens that a tithi lasts just a 
little after San-rise and the next tithi vanishes during the 
same day so that the next but one will be taken for the next 
day. This vanishing tithi is known as a Kshaya tithi which 
is also called a Kshayaba. Again it so happens that a tithi 
may be current at two consecutive Sun-rises beginning a 
little before the Sun-rise of the first day and extending a 
little after the next Sun-rise. Such a tithi is called Pioa 
Traya or a tithi which touches three days. In this matter 
if seems as though we have gained a tithi but ultinately as 
a tithi must be less than a civil day, it so happens thafc on 
the average there will be a Kshayaba rongbly in 64 titbis. 
We shall see more about this matter subsequently. 

Verse 32. Thus there are nine manas Manava, Divya 
(or of gods), BSrhaspafcya (Jovian) paitra, Nakshatra, 
Saura, Chandra, Savana and Brahma. But the planetary 
positions are to be computed by men by their own mSna. 

Comm. Not necessary. 

Here ends the Adhyaya known as Kala-mSna in the 
Madhyadhikara. 



MADHYSDHIKSRA - SECTION II 
BHAGANADHYAYA 



Verses 1 to 6. The number of sidereal revolutions of 
the Sua during a Kalpa is 43200COCOO. It is also the 
Dumber - of those of Mercury and Venus, and those of the 
S'ighroccLas of the planets Mars, Jupiter and Saturn. 

The Moon makes 57753300000 sidereal revolutions 
in a Kalpa, the Mars 2296828522, the Mercury's s'ighroecha 
17936993984, the Jupiter 334226155, the s'ighroecha of 
Venus 702.339492 and the Saturn 146567298. The sidereal 
revolutions of the apogees of the Sun and the Moon and 
those of the apbelia of Mars, Mercury, Jupiter, Venus and 
Saturn in a Kalpa are respectively 4S0, 488105858, 292 
3o2, 855, 653. 41. 

The retrograde sidereal revolutions of the nodes of the 
orbits of Moon, Mars, Mercury, Jupiter, Venus and Saturn 
are respectively 5:32311168, 267, 521, 63, 893, 584. 

Comm. Since Mercury and Venus will be oscillating 
about the Sun in their apparent motion as seen from, the 
earth in a long period of time, the number of sidereal re- 
volutions made by the Sun is also equal to that made by 
Mercury and Venus. Since, as we see in the Course of the 
Spastadhikara the Sun plays the part of what is called the 
S'ighroecha of the three major planets named Mars, Jupiter 
and Saturn, the number of the SunV sidereal revolutions 
is also the same as that of their s'ighroochas. 

The reason why the sidereal revolutions of what are 
called the sfighrocchas of Mercury and Venus are the same 
as the heliocentric sidereal revolutions of Mercury anid 
Venus will be clarified in the spastadhikara. The reason 
also why the sidereal revolutions of the major nlanets are 



the dame as their heliocentric onea will also be clarified in 
the same adhikara. 

The reason why we have termed the Mandoccha<? as 
apogees in the case of the Sua and the Moon aid as aphelia 
with respect to the other planets is that the Snn moves 
round the earth relatively while the Moon directly moves 
round the earth whereas the remainning planets move 
round the Sun while the San moves relatively round the 
earth. In other words the Sun and Moon have apogees 
whereas the remaining planets aphelia. 

The nodes of the planets are the points of intersection 
of their orbits with the ecliptic which is the apparent orbit 
of the Sun. In other words the planetary orbits are 
inclined to the ecliptic which m^aas thaii their orbital 
planes do not coincide with the ecliptic pUne, 

In Hindu Astronomy the Sun, the Moon and also the 
two node? of the lunar orbit which go by the nam3s Rthu 
and Ketu are also termed a* grahas along with the other 
five which are known as Tara-grahas or planets resembling 
star*. Th9 etymology of the word ' planet ' is that it 
moves amongst stars ; in this respect the nine Hindu grahas 
also moving among the stars are eligible to have the same 
appellation though it is not permitted in modern astronomy. 
But the word graha has a different connotation etymologi- 
cally namely ^r^fa <n ajlld' s^fa ?ir sr? : ie that which 
seizes the fates of men is known as a graha. In the course 
of this work we use the word graha and planet synony- 
mously so that we deem the Sun, the Moon and the nodes 
of the lunar orbit also as planets. 

When the ancient Hindu astronomers knew by obser- 
vation that the nodes of the lunar orbit have a retrograde 
motion, and could also measure their mean motion, they 
extended the analogy to the nodes of the other planeta also, 
whose motion could not be measured during anybody's life- 
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toe- Beiiee the estimate of their mean m&'um ft* 
Hindu Astronomers naturally went wrong. 

' : Noticing that the Mandocoba of the Moon hag a 
progressive motion which the Hindu astronomers wmU 
measure correctly, they extended the analogy to the apogee 
of the Sun and the aphelia of the other planets whose 
motion also being very slow could not be measured darin* 
the life-time of a man. So here also the estimate of their 
mean motions of the Sun's apogee and the planetary aphelia 
went wrong. 

< Bhaskaracharya has given proofs as to how the sidereal 
revolutions could be got but as we shall see later in the 
Spastadhikara, his proof occasionally suffers from what is 
called 'ataroraw' ie ' begging the question \ We shall 
however construct our own proofs at that place deferring 
them for the present, for, the proofs require an elucidation 
which Obtains in the Spasbadhikara alone. 

Verse 7. The number of diurnal revolutions of the 
stars in a Kalpa is 1582236450000. 

Comm. In fact this number is that of the diurnal 
rotations of the earth which is equal to the number of 
apparent diurnal rotations of the stars, if the earth is 
deemed as fixed. The only Hindu Astronomer who made 
bold to say that the earth is rotating and not the stars 
came under criticism by Brahmagupta and the latter Hindu 
astronomers, Aryabhata said *3<*m*lfe: q™** 

Even as a man stationed on a moving boat perceives that 
the trees etc on the banks of the canal, river or lake to be 
moving m the opposite direction supposing himself statio- 
nary so a lso men stationed on the surface of the earth 
(which is like a moving boat) perceive the aetually statio- 
nary stars to be moving directly from east to west al 
&aoka ie the equator 



Why acme of the latter Hindu astronomers, Chough 
many of them could intuit this simple phenomenon, boldly 
came out asserting this, is rather mysterious. Even today 
there is such an irrational orthodox type of scholars who 
are not in touch with modern astronomy, holding the view 
that the earth does not move. 

In Hindu Astronomy it was postulated that there is 
what is called the pravaha wind, which effects moving of 
the entire stellar universe along with the planets from 
east to West. It is a very simple matter to visualize 
earths' rotation, instead of supposing that the entire stellar 
Universe is being driven round the earth. The absurdity 
in this latter supposition might not have been clear to the 
orthodox type of the Hindu Astronomers, for, they could 
not measure the dimensions of the giant stars and super* 
giants, which are everyone of them mighty Sun3. Though, 
however, the dimensions of the Sun were known to them 
to be far greater than those of the earth, it did not occur to 
them why a mighty Sun should go round a pigmy earth. 
Or even if it occured to astronomers like Bhaskara, they 
dared not to go against the puranic tradition. 

Since the stars do not move among themselves while 
partaking this diurnal motion, the entire starry skies are 
obliged to go round the earth as a rigid structure, if we 
suppose that the earth is not rotating about, herself. This 
kind of supposition is just like a revolving person, revol- 
ving about himself and claiming that the entire Universe is 
revolving round him and not he about himself. 

Bhaskara gives the proof of getting this number oJ 
diurnal rotations of the stars during an year in the verses 
5-7 of Madhyagati Vasana", W^rff fi(j$t etc. as follows. 
Suppose a star and the Sun rise together today. Tomorrow 
the star will have arisen earlier than the Sun who will 
have moved towards the east of the star by his ow| 
(apparent) daily motion. So tomorrow's sun-rise will get 
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belated by the duration of time that the aro of the ecliptic 
covered by the Son's today's motion takes to rise. This 
duration of time is variable on two counts ; first by the 
variable motion of the San and second by the obliquity of 
the ecliptio on account of which even equal arcs of the 
ecliptic will not rise in equal times. In other words the 
duration of time between two consecutive San-rises will 
not be the same. This duration of a particular day oan 
roughly be calculated by the rule of three as follows. Let 
the Sun be in a particular Rasi, the rising time T of which 
could be computed; let the Sun cover an aro of x° in that 
Rasi on that day. Then the time taken by that aro to rise 

18 50 » where a Rasi consists of 30°. This time computed 

in Sidereal measure added to 60 Sideral ghatis is equal to 
the length of the day. During the course of an year ie the 
time taken hy the Sua to move round the ecliptio starting 
from the Zero-point of the zodiao and again returning to 
the same point, the Sun will have made one revolution less 
than the stars. Thus if ' R ' the number of diurnal revolu- 
tions of the Sua {where R will be not an integer) during an 
year or what is the same the number of Savana or civil 
days during an year, they are equal to R + I sideral days. 
Hence the number of sideral days in a kalpa will be equ*l 
to the number of civil days in a kalpa together with the 
number 4320000.000 which is the number of revolutions 
made by the Sun relative to the stars. 

In this context we are to know the number of oivil 
days in a kalpa. The proof given by Bhaskara in Gaaita- 
dhyaya under verses 1-6 in Bhaganopapatthi is as follows. 
Draw a cirole on a horizontal plane and place a vertical 
pole called gnomon at the centre of the circle. Observe the 
point of intersection of the gnomon's shadow with the 
circumference of the circle at Sun-rise on a day in the 
Ufetarayar^a ie during the course of the Sun's north-word 
-journey, just at the time when his rising point is very near 
the east point and also to the south thereof. Then from 



thab day go on counting the number of days, which will 
be 865 when the Sun again rises very nearly at the earn© 
point and just to the south of the east point. It will be 
found that the San will rise the next day jast a little to 
the north of the east point, which means that the San has 
taken 365 days and a fractional part of a day to complete 
his revolution round the stars. Having noted the two 
points of intersection of the gnomonio shadow with the 
circle, on those two consecutive days when the San 
happens to rise just a little to the south and then on the 
next day just a little north of the east point, and having 
measured the arcs in minutes between those points of 
intersection and the western point of the horizontal circle 
(western because the gnomonio shadow of the rising Sun 
is cast towards west) then the following rule of three is 
to be applied. If during 60 ghatis of the day, the sum of 
the arcs in minutes is covered, what will be the time 
taken by the shadow to traverse the arc bstween the west 
point and the northern point of intersection. This added 
to 365, gives the number of civil days in an year. Here 
it will be noted that this year is tropical because rising in 
the east signifies the Sun's position at an equinox. 

Verse 8. The number of solar days in a kalpa is 
equil to 1555200000000 and of the lunar days or tithis is 
1602999000000. 

Comm. The solar days here cited are counted at the 
rate of 360 per year ; and the lunar days at the rate of 30 
per lunation. Tithi is defined as mentioned by us under 
verse 31 of the previous section. Since there are thirty 
tithis in a lunation, their enumeration is quite alright; 
but there seems to be a little oddity in saying that there 
are 350 solar days in an year. This kind of a solar day 
is a little longer than a civil day and does not correspond 
to any particular motion of the Sun, say for example the 
time taken by the Sun to move a degree along the ecliptic. 
The definition of solar days pertains only to a stipulation 
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that 360 solar days constitute a solar year and no defini- 
tion *8 given for a, single solar day. This definition of. 
lolar days, though apparently artificial, has some signi-l 
ficance, namely that the difference of the solar and lunar 
days defined above consSitubes 15933000000 Adhikamasas 
in a kalja at the rate of SO tithis per month. In other 
words the difference between the solar and lunar days, is 
the number of tithis that the luni-solar reckoning gains 
over the solar. This topic will be dtalb with later. 

Verse 9. The number of civil days in a kalpa is 
equal to 1577916450000 ; the number of the diurnal revolu- 
tions of the stars minus the number of sidereal revolutions 
of any particular planet constitute the days of that parti- 
cular planet with respect to the earth. 

Comm. The civil days in a kalpa are evidently the 
number of Sun rises. These are as mentioned before the 
differences! the number of diurnal revolutions of the stars 
and the number of the sidereal revolutions of the Sun. 
By analogy, the number of the days of a particular planet 
with respect to the earth or what is the same the number 
of risings of that planet in a kalpa as seen from the earth, 
is the difference of the number of the diurnal revolutions 
of the stars and the number of the sidereal revolutions of 
that planet in a kalpa. Thus we have Saura-Kudinani 
Chandra-Ku-dinani, Bhauma-Ku-dinani etc, where the 
word ' Ku ' means the earth. The Saura-Ku-dinani are 
the civil days defined before. It will be noted that the 
Chandra-Ku-dinani are not the lunar days. 

Verse 10. The number of Adhikamlsas or intercalary 
months in a kalpa is equal to 1593300000 and the number 
of Dina-Kshayas is 250&2550000. 

Comm. A luni-solar year as per Candramana i e the 
lum-solar reckoning consists of twelve lunations ; as suob 
Its length falls short of that of the solar year by 11 day* 
3 ghatis, 53 Vighatis and 30 Sokshmaghabis. If both U» 
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solar and luni-solar years begin simultaneously this year, 
by the end of the luni-solar year, it will have gained over 
the solar year the above-mentioned days. This difference 
which goes by the name Adhimasa-Sesha or Saddhi 
acorueB to the length of a lunation in about 32£ solar 
months. Unless this accruing difference is set apart by some 
device, and the beginnings of the two years again brought 
together, the luni-Solar year looses its significance of an 
year, for, it does not accord with seasons. It being a con- 
vention that an year should begin with the spring, if the 
luni-Solar year also is to begin with the spring, it is to be 
wedded to the solar year by some device. The device 
adopted in this behalf was to leave out a month in the luni- 
Solar reckoning as soon as it could be s^een that a month 
has been gained by this reckoning over the solar. This 
knowledge is had from the following fact. The zodiac is 
divided into twelve equal portions called Rasi's beginning 
from the first point of the Hindu Zodiac, ie. from the first 
point of the asterism division called Aswini. The Sun 
traverses eaoh of these Rasis in one Solar month, and on 
account of the unequal motion of the Sun, these solar 
months are of unequal length. The entrance of the Sun 
from one Rasi into another is called a Samkranti, and the 
moments of Samkrantis are held to be holy for religious pur- 
poses. The solar month being a little longer than a luna- 
tion, normally a Samkranti occurs in a lunation. But it 
so happens that in a particular lunar month this Samkranti 
might not occur. The Suddhi which is the time between 
the moment of New Moon and the subsequent Samkranti 
and which is therefore the time gained by the luni-Solar 
reokoning over the Solar, having accrued to a lunation, it 
is an indication that the luni-Solar reokoning has gained a 
lunation over the Solar. That lunation not carrying a 
Samkranti is termed an Adhikamasa and is left out. That 
it iB left out is connoted by the word Adhika which means 
extra, as well as by the convention that no auspicious 
celebrations like a marriage etc. should not take place 
4 
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during that month. The next lunar month is termed as 
the Nija-masa or the month which is the true. In this 
convention however, there may occur two Samkrantis in 
one particular lunar month. For this to happen two cri- 
teria are to be satisfied namely that, that particular lunar 
month must be greater than the concurrent solar month 
and secondly one of the two Samkrantis must occur imme- 
diately after a New-moon so as to permit the second Samk- 
ranti to occur just before the lapse of the lunar month. 
The Sun coming to his perigee roughly about the lunar 
month Margasira, and as such having the quickest motion 
at that point, he covers the length of the Rasi of 30° within 
the shortest span of time making that Solar month shorter 
than the corresponding lunar month. Since the months 
Kartica and pausha, one before and the other after Marga- 
sira also being thus longer than the corresponding solar 
months, two Sankrantis could occur, if at all, in these three 
lunar months. If they occur, that lunar month is termed 
a Kshayamasa. Since two lunar months are to correspond 
to two Samkrantis, convention has it that two lunar months 
lapse simultaneously during that lunation, the previous 
lunation running daring the forenoon and the subsequent 
lunation during the afternoon. Thus a Kshaya masa is also 
called a yugalibhuta masa or a twin masa, which therefore 
makes one lunation virtually vanish. On account of this 
vanishing', it is called a Kshayamasa. After what an inter- 
val of time this Kshaya masa ocours how a month precedes 
it having no Samkranti and how again a lunation follows 
it without a Samkranti will be seen in a subsequent 
context. This convention pertaining to the institution 
of an Adhikamasa goes by the name ' Inter-calation 

It was mentioned before that on an average an 
Adhikamasa occurs once in 32^ solar months roughly-Also, 
AdhikamSsas are the excess of lunations over the solar 
months in a given period. There being 51840000000 solfrr 
months in a Kalpa and 53433300000 lunations the number 
of Adhikamasas is therefore 1593300000 as mentioned, 
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Kshayahas were explained before and their number in 
a Kalpa is the difference of the civil days and the tithis. 

Verses 11, 12. Thenumbrof solar months in a Kalpa 
is 51840000000; the number of lunar months is 
63433300000. The number of solar months heing subtracted 
from the number of lunations, we have the number of 
Adhikamasas— The number of solar days together with the 
days of Adhika months are equal to the lunar days or the 
tithis ; or again the lunar days minus the Kshayahas are 
equal to the number of civil days or the reverse will be 
had by a reverse process. 

Comm. Already explained. 

Verse 13. The excess of the sidereal revolutions of the 
moon over the number of the Sun's sidereal revolutions is 
equal to the number of chSndramasas or lunations. 

Or again the excess of the sum of the sidereal revolu- 
tions of the moon and the tithis over the sum of the luna- 
tions and the diurnal revolutions of the stars is equal to the 
number of Kshayahas. 

Comm. The first part is clear, Regarding the seoond, 
let the number of lunations be x and the number of the 
sidereal revolutions of the moon be y. Then y— x=z, the 
number of the sidereal revolutions of the Sun because 
y — z = x from the first part above. If now, the number 
of the diurnal revolutions of the stars be t, then t — z = t — 
(y — x) = t + x— y = civil days. Subtracting these oivil 
days from ' U ' the number of Tithis, we have the number 
of Kshayahas namely U - (t + x — y) = (U +y} — 
(t + x) whioh accords with the statement. 

Verse 14. The number of Adhikamasas is equal to the 
excess of the number of sidereal revolutions of the Moon 
over thirteen times the number of sidereal revolutions of 
the Sun. 
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Comm. Let x and y be the numbers of sidereal revolu- 
tions of the Moon and the Sun respectively. The x — y is 
evidently the number of lunations as mentioned before. 
Also 12 y is the number of solar months which if subtracted 
from the number of lunations will give the number of 
Adhimasas ie x — y — 12 y = x — 13 y = Adhikamasas as 
mentioned. 

This completes the Bhaganadhyaya of Madhyadhi- 
kara. 



grahanayanxdhyaya flffflromra: 



Verse 1. To Compute the Ahargana the collection of 
days from the beginning of Kalpa ie from the beginning 
of creation. Multiply the number of sidereal solar years 
from the beginning of Kalpa by 12; add the number of 
elapsed lunar months ; multiply by thirty ; add the number 

of elapsed tithis. Let this number be x. Then — - — j. 

the integral number obtained by dividing the product of x 
and A the number of Adhikamas*as in a Kalpa by s the 
number of solar days thereof gives the number of elapsed 
Adhikamasas. Multiply this number of Adhikamasas by 
30 and add to x. The result gives the number of elapsed 

tithis, Let thi3 be y. Then ^ ^ the integral num- 
ber obtained by dividing the product of y and K the num- 
ber of Kshayahas in a Kalpa by T the number of Tithis in 
a Kalpa, gives the number of Kshayahas. Subtracting this 
number from y, we have the Ahargana ie the numbar of the 
elapsed civil days from the beginning of Kalpa. This 
Ahargana has its beginning on Sunday and is itself consti- 
tuted of mean solar days. While computing the Adhika- 
masas or Kshayahas, the integral numbers of the quosients 
alone should be taken rejecting the remainders. 

Comm. The elapsed number of solar years is directed 
to be multiplied by 12 in the beginning. This number 
does not constitute purely solar years. Solarity was 
secured upto the point of the last intercalation of an Adhi- 
kamasa and thereafter one or two luni -solar years would 
have been added. But Construing these one or two luni- 
solar years as mean solar years doeB not make a difference 
while computing the Adhikamasas, for the following reason. 
Adhikamasas normally occur once in three years. Even 
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supposing that the number of the elapsed years contain 
three luni-solar years after the year carrying the last inter- 
calary month, the error in construing them to be aolar will 
be roughly minus one solar month. In other words the 
difference between three mean solar years and three luni- 
solar years will be roughly one solar month. Since one 
Adhikarnasa occurs roughly in 32| solar months, so the 
number of Adhikamasas obtained by construing three luni- 
solar years as mean Solar years will be in default by roughly 
1 2 

or gg« As we are counting only the integral number 

of Adhikamasas obtained as a quotient rejecting the 

2 

remainder, the above default of — should not normally 

effect the quotient. Moat rarely, however, it might effeot 
the quotient by one, for which provision is made by Bhaa- 
kara in verse 3 under Adhimasadinirnaya section, Madhya- 
madhikara namely *7stsferpn*sr: qfocfrg^si: ete. which 
means that if the quotient is in default by one, where it 
is definitely known that one more Adhikamasa did occur, 
we are directed to add one and if we certainly know that 
the quotient oontains one more Adhikamasa, when the 
Adhikamasa is shortly to occur and has not occrued we 
are directed to substract one from the quotient. This 
principle of ^Jc^fflr^f^ is to be observed even in the 
context of Kshayahas ie we are directed to add one or 
subtract one from the number of civil days by adjusting 
the Ahargana to the week-day on which the Ahargana is 
sought to be found. 

Thus construing the elapsed number of years to be 
solar, multiplying them by twelve we have the elapsed 
solar months. Adding to this the number of the elapsed 
luni-Solar months construing these to be solar, which fact 
also does not affect normally the number of Adhikamasas to 
be obtained (for the same reason above) and multiplying by 
30 and adding the elapsed tithis we have the elapsed num- 
ber of solar days (This number may not be exactly the 
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©lapsed number of solar days, for, we have construed the 
one, two or three luni-Solar years as mean solar as well as 
the elapsed lunations of the present year as solar months ; 
but this difference does not affect the computation of Adhika- 
masas as mentioned above). Then, as we are given that 
15933,00000 Adhikamasas occur in 1555200000000 solar 
days of the Kalpa, if x be the number of solar days found 

•x X 1593300000 •„ ■ , . tl , 

ab0V6 ' 1555200000000 wlU glVG 6he nUmber ° f the eIa P aed 
Adhikamasas. Adding these Adhikamasas multiplied by 30 
to x the solar days obtained above, we have the Tithis elap- 
sed upto the day in question. If now, we subtract the 
Kshayahas from these Tithis, we shall have the number of 
Savanahas or the Ahargana required. Since in 1602999000000 
Tithis of the Kalpa there will be 25082550000 Kshayahaa if 

y be the Tithis above obtained, ? X 26082560000 ' 
y 1602999000000 ° e 

the Kshayahas from the beginning of the Kalpa upto the 
day in question ; subtracting these from y, we have the 
required Ahargana. 

Verse 4. Computation of the planetary positions. 

The Ahargana multiplied by the number of sidereal 
revolutions of a planet and divided by the number of civil 
days in a Kalpa gives the planet ie its number of revolu- 
tions upto the day concerned both integral and fractional. 

Comm. Applying ' Bule of three', if in C the 
number of civil days in the Kalpa, the planet makes P 
sidereal revolutions how many revolutions would have been 
made in A the Ahargana ? The answer is A . i n ^ 

the integral quotient gives the number of complete revolu- 
tions made; the remainder, multiplied by 12 and divided by 
O again, gives the number of Basis covered by the planet 
from the Zero-point of the Zodiac, and again the remainder 
multiplied by 30 and divided by C gives the number of deg- 
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rees covered in the next Rasi; proceeding thus, the planetary 
position could be had next in minutes and then in seconds 
of arc also. This position is the mean position of the 
planet, at the time when the mean Sun is very nearly at 
the Eastern horizon at Lanka. Why it is said "very 
nearly at the horizon " will be clear in the context of uda- 
yantara Samskara to be dealt with later in Spastadhikara. 
To obtain the planetary position at the moment when the 
mean Sun is exactly on tbe horizon, we have to apply what 
is called the Udayantara correction and again to obtain the 
position at the moment of True Sun-rise we have to apply 
what is called the Bhujantara correction, both of which will 
be dealt with in Spastadhikara. Having thus got the 
mean planetary position at True Sun-rise, we have to apply 
one or two as the case may be, corrections to obtain the 
True planetary position, besides effecting two more correc- 
tions known as Desantara and chara to obtain the True 
planetary position at the time of True Sun-rise not at 
Lanka but at the place concerned. 

Verse 5. To obtain the position of the mean Moon, 
when the mean Sun is known from what is called Avama- 
Sesa. 

The Avama Sesa divided by 131490000000 in degrees 
is to be added to twelve times the elapsed tithis and the 
result added to the Sun's position gives the position of the 
Moon. Conversely the position of the Sun can be had from 
the position of the Moon. 

Comm. The moon's longitude minus the Sun's longi- 
tude known as elongation is called VyarkSndu, which 
divided by twelve gives the number of elapsed tithis; a 
lunation which is the time in which the Moon overtakes 
the Sun by 360°, contains thirty tithis and a tithi is defined 
as the time, in which the Moon overtakes the Sun by 12° 
beginning from the moment of conjunction ie Amavasya. 
Hence if the Sun's longitude be x°, aud y be the number of 
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elapsed tithis, integral or fractional (x + 12y)° will be the 
longitude of the Moon. If, however, we consider y only as 
the integral number of the elapsed tithis, we will have 
obtained the Moon's position from the formula (x + 12 y)° 
at the ending moment of the tithi on the previous day. 
The time in between this ending moment of the tithi and 
the Sun- rise of the day concerned is known as Avama- 
Sesha, since the Avama-days or Kshayahas are the differ- 
ence of days between the number of tithis in a given 
period and the number of civil days during the same 
period. In other words, the excess of a civil day over 
a tithi which falls short of it, is the part of a civil day 
that contributes towards the number of Kshayahas in a 
given period. Thus we have to compute the increase in 
the Moon's longitude during the aforesaid Avama-Sesha 
to obtain his longitude at the Sun-rise of the day concern- 
ed. But this Avama-Sesha is of the form F j ^ X K*> 

It) 

where ' t ' is the number of elapsed tithis upto the Sun-rise 
of the day concerned K the number of Kshayahas in a, Kalpa, 

T is the number of tithis in a Kalpa and F ^ ^ j> 

signifies the fractional part called Avama-Sesha, the integral 
quotient having given the number of elapsed Kshayahas. 

Hence writing F * K | aa 5 where R is the remainder 

obtained by dividing (t X K) by T, the Avama-Sesha is of 

the form This Avama-Sesha being mean solar, it hm 

to be rendered luni-Solar, which process is known as 
FgT^tarcnrn. The rule of three used in this behalf is 
' If for C civil days we have T tithis of the Kalpa, what 

R" R T R 

shall we have for ? The answer is y X G = C' This 

then is the balance fractional part of a tithi that is there in 
between the end of the elapsed tithi and the Sun-rise of the 
day concerned. This part of a tithi is to be multiplied by 
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12 to give in degrees the increase of Moon's longitude from 
the ending moment of the tithi on the previous day. Thui 

this increase is § X 12 ; but = 1577916450000 

R 

■ ? x 12 - 1577916450000 = 13T4960OOOO6 
^ 12 
approximately. 

Thus this increase is to be aided to (x + 12 y)° where 
x° is the longitude of the Sun and y the integral part of 
the elapsed tifchis so that the Moon's longitude ia 
R° 

(x + 12 y)° + 1 3i49 000000* 

Verses 6, 7. Computation of the positions of the Sun 
and the Moon from the Adhimasa-Sesha and Avama-Sesha. 
The Avama-Sesha divided by 27110000000 is termed an 
additive constant in minutes of arc to the Sun's position ; 
the same A\ama-Sesba multiplied by 13 and divided by 35 
is termed such an additive constant to the position of the 
Moon ; Construe that the Sun's position is given by as 
many degrees as there are elapsed tithis after the beginning 
of Chaitra and that the Moon's position is given by Thir- 
teen times the same. Let these positions of the Sun and 
the Moon be diminished by a number of degrees equal to • 
what is obtained by dividing the AdhimSsa-Sesha by the 
number of lunations in a Kalpa. Then add the respective 
additive constants to the positions of the Sun and the Moon 
so obtained. The results will be the positions of the Mean 
Sun and the Mean Moon. 

Comm. Here the data are the Adhimasa-Sesha and 
the Avama-Sesha and nothing else and the problem set is 
to find the Mean positions of the Sun and Moon. The 

R' X 30 

Adhimasa-Sesba is of the form — ~g where R' is the 

remainder obtained while finding the elapsed Adhimasas 
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by dividing the product of the number of lunations in 
a Kalpa and (12 x + y) 30 + t where x is the number 
of elapsed years, y the number of elapsed lunations t 
the number of elapsed tithis in the current lunar month 
at the time when the Ahargana is being computed and 
S the number of Solar days in a Kalpa, The form 

R 

of the Avama-Sesha was formerly stated as TjT. The 
procedure given is as follows. In the first place, we are 
asked to assume that the number of elapsed solar days is 
equal to the number of elapsed tithis from the beginning of 
Chaitra ie the beginning of the luni- Solar year, since we do 
not know when the Solar year began ; so, at the rate of 1° 
per a Solar day (A Solar day is not a mean solar day, 
Vide definition given before under verse 8. Bhaganadh- 
yaya) the Sun's position is given by as many degrees as 
there are elapsed tithis ; and the Moon's position must be 
13 timeB the same since each tithi means an increase of 
12° in the elougation and if x° ba the Sun's position, the 
Moon's position must be 12 x° ahead of the Sun ie 13 x°. 
Having got thus approximate positions of the Sun and the 
Moon, we have to make amends for the roughness of the 
assumption made. In assuming that the longitude of the 
Sun is equal to the number of elap3ed tithis, we have over- 
estimated the longitude since it has to begin from the 
beginning of the solar year. The time in between the 
beginnings of the luni-Solar year and the solar year is 
known as the Adhimasa-Sesha at the time of the beginning 
of the solar year, measured in tithis; also, we have com- 
mitted an error in assuming the Sun's rate to be 1° per tithi. 
This also is due to Adhimasa-Sesha subsequent to the 
beginning of the Solar year upto the day concerned- Thus 
the entire error committed by assuming the Sun's longitude 
to be as many degrees as there are elapsed tithis from the 
beginning of the luni-Solar year, is no other than the Adhi- 
masa-Sesha at the day concerned, But this Adhimasa- 

B' X 30 . 
oesha is of the form — g as mentioned and is in tithis. 
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This has to be converted into solar days to give lis the 
number of degrees of the error. The conversion is effected 
by the rule of three as " If T tithis of a Kalpa constitute S 
solar days of the Kalpa, what number of solar days corres- 
ponds to r Th6 „ is x B = 

R' X 30 R' R' 

T ~ T /30 = ~L wnere * a ' ne number of 

R' 

lunations in a Kalpa. This -jj being the number of solar 
days corresponding to the Adhimasa-Sesha upto the day 
concerned, the corresponding longitude of the Sun namely 
R'° 

must be subtracted from the Sun's longitude. Now the 
question arises whether we have to multiply this — — by 13 

to be subtracted from the longitude of the Moon; not 

R'° 

necessary, enough to subtract -j— only, for, the Adhimasa- 
sesha extends from the preceeding Amivasya only when 
the Moon's longitude was equal to the Sun's longitude. 
We have thus got the mean positions of the Sun and the 
Moon at the ending moment of the tithi on the previous 
day. To get their mean positions at the Sun-rise of the 
concerned day, we have to make amends for the time in 
between, which is no other than Avama-Sesha as a fraction 
of a mean solar day. Here Bhaskara makes an ingenious 
approximation. The maximum Avama-Sesha could be a 
tithi only and the Sun moves roughly by his daily mean 
motion during a tithi. So, the rule of three adopted is 
' If for one tithi, the Sun's dailj motion is to be reckoned 
what for the Avama-Sesha ? The answer is Avama-Sesha 
multiplied by the Sun's daily motion. The Avama-Sesha 

R R R ft' 

being of the form ^ ' ^ xm'= m X 59~, = 
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E' R' 

IX = l»|pxl6 - 2711Q R ooQQQO V6ry 

59 T | 887 

approximately. 

This must be added to the position of the Sun to get 
his position at the Sim-rise concerned. In the case of the 
Moon the above additive constant of the Sun, is to be 
multiplied by 13|f because the Moon's daily motion is so 
many times that of the Sun. Hence the additive constant 
in the case of the Moon is x X 13|f = 13 x (1 + £ z ) 
where x is the additive constant in the case of the Sun. 
This agrees with what Bhaskara has stated. 

Verses 8, 9. Another way of computing the planetary 
positions. 

The mean position of the Sun in Easis minus 
A X G 

Easis where A stands for the Ahargana, G 



131493037500 

stands for the Savana days of the planet concerned in a 
Kalpa gives the position of the planet in Easis. Let 
pandits find out other similar methods. 

Comm. The Savana days of a planet is the excess of 
the diurnal rotations of the stars over the sidereal revolu- 
tions of the planet ie D — P = G where G stands for the 

A X P 

Savana days of the planet. Hence P = D — G .-. — — — 

M 

where A is the Ahargana, and M the number of mean solar 

'. T , , AD AG ^ AXP 
days in a Kalpa = But M =1 + 1? 

where I is the integral number of the revolutions of the 
planet and F the fractional part of a revolution which is 
the planetary position required. Thus from the equation 
AxP AXD AxG 

M = m ~~ — M = I + F. Omitting the 

■ A X D n ■ • • / 

integral part m — ^ — and signifying the remainder as f , 
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A X G 

we have f — — — = I'-KF where I' is some integer other 
A X D 

than I. But — ^ — which gives us the number of 

diurnal rotations of the stars upto the day concerned is 
equal to the Ahargana plus the number of revolutions of 
the Sun upto the day concerned, because Ahargana + 
Revolutions of the Sun = diurnal rotations of the stars 
upto the day concerned. Omitting the integral Ahargana 
and the integral number of revolutions of the Sun we have 

A X D , 

that the fractional part of — ^ — ie f is no other than 
the Sun's position. Hence. 

A X P A X G AX G 

= I + F = f - and = 

A X G , . 12 R 

revolutions — ., gr7r7n ,„ ^rr Rasis = 



1577916450000 ^' W1UU ' W "° 1577916450000 
R 

131493037500 Rasis ' Tnus the planetary position is 

t a . ■ A X G 

equal to the Sun s position minus 131493Q375QQ where the 

integral parts on either side could be ignored. 

Here there is a peculiarity in this method. The planet 

A X P 

could right away be obtained from the formula ^ - 

where A is the Ahargana, P the number of sidereal revolu- 
tions of the planet and M the number of mean Solar days 
in a Kalpa. Though the given method is more oumbrous 
than finding through tbe above formula, Bhaskara delibe- 
rately gives it to show the equivalence of various proce- 
dures at the same time giving us a beautiful technique as 
mentioned in his commentary. Thus in the above equation 
A X P A X D A x G 

~ ]y[ - m ~~ ~M tlie firat term on tlie ri 8 Qt 
hand side could be termed the Bha-bhrama-graha and the 
A X G 

second term — ^ the graha-Savana-Dina-graha. We 
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have seen above that the first term is no other than the 
Mean Sun ignoring the integral number. 

Verses 10, 11. Proof of other methods of computing 
planetary position. Even as the sums or differences of 
two or more of the numbers of Adhimasas, Kshayahas, 
lunations etc give the number of sidereal revolutions of the 
planets the sums or differences of two or more of the posi- 
tions of the imaginary planets which go by the names 
Adhimasa-graha, Kshayahagraha etc computed out of the 
numbers of those Adhimasas Kshayahas etc. give the 
respective planetary positions. 

Comm. This interesting concept is based upon the 
following principle. Suppose P to be the number of side- 

A X P 

real revolutions of a planet; then gives the planetary 

position, where A is the Ahargana, and M the number of 
mean solar days in a Kalpa. Now suppose P = x ± y ± a 
where x, y, z are the numbers of Adhimasas etc in a Kalpa, 
then 

A X P ^ A X x ± A X y ± A X z 
M M M M ' 

The terms on the right-hand-side may be construed to 
be the Adhimasa-graha etc, which are the positions of 
imaginary planets and their sums or differences give there- 
fore the position of the planet, as could be seen from the 
above equation. Thus for example, we have the equation 
P x — 13P 3 = a where Pj is the number of the sidereal 
revolutions of the Moon and P a the number of the sidereal 
revolutions of the Sun, a stands for the Adhimasas because 
Chandramasas — Sauramasas = Adhimasas ; but Chandra- 
masas = Pj — P 2 and Sauramasas = 12 P 2 so that 
P x — P 3 — 12P 3 = a ie P t — 13P 3 = a. From this equation 

P - ft 4-- ISP • AXP i = a X A + 13P » x A 
±-i - a + W a -jj— MM' 
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The first term on the right hand side is termed as the 
Adhimasa-graha, and the second term is evidently 13 times 
the position of the Sun whereas the term on the left-hand- 
side is the Moon's position. Hence, ignoring the integral 
number of revolutions, we have Moon's position = Adhi- 
masa — graha + 13 times Sun's position (Ignoring the 
number of integral revolutions means subtracting integral 
revolutions or adding them if necessary). 

Verses 12, 13. A few more examples on the afore- 
said principle. The planetary position obtained by the 
sum of the sidereal revolutions of two planets, added to or 
Subtracted from another planetary position obtained by 
the difference of the sidereal revolutions of two planets and 
divided by two gives the positions of the two planets res- 
pectively, the quicker of the two in the first case and the 
slower in the second. Similarly the planetary position com- 
puted from the difference of the sidereal revolutions of two 
planets subtracted from the planetary position of the quicker 
of the two gives the position of the slower whereas the 
former planetary position added to the position of the 
slower gives the quicker. 

Comm. We have - (F * + Fa) +-^ Pl " Pa) = P x (1 ) and 

A 

( P t + P a ) -zJ&JzJl*) = p 2 (2) where P x is the number 

of sidereal revolutions of a quick-moving planet and P a 
that of a slow-moving one. Multiplying the above equa- 
A 

tions by — with the former notation, 

B (Pi + PJ + a (P a - P.) = Pi x A (g) andl 
2 M 

| (P, + P a ) - M (P t - P 2 ) = A x p (4) 
2 M 3 ; 

Equations (3) and (4) mean what has been stated in verse 
(12). Again we have the equations F 1 — {Pi — P,) = P, 
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and P t -f- (Pi _ P*) = Pi where P! and P a are the numbers 
of sidereal revolutions of a quick and slow moving planets- 
respeotively. Following the same principle as above we 
could obtain their positions by multiplying the equations 

through out by ^ and calling planets on the left-hand- 
side as (1) Dwiparyayantarodbhava-graha subtracted from 
the quick-moving one and (2) the slow-moving planet 
increased by the Dwiparyayantara-graha respectively. 

Verse 14. The difference of the S'ighra and S'ighra- 
Kendra as well as the Sum of the Mandocoha and the Manda 
Kendra give the planet to be computed. Or again a com- 
puted planet multiplied by the number of sidereal revolu- 
tions of a planet to be computed and divided by the number 
of sidereal revolutions of the computed gives the planet to- 
be computed. 

Comm. Ui - P = K a and P - U 3 = K 3 where TJ„ 
P, U fl , Kj and K 3 are respectively the number of Sidereal 
revolutions of the S'ighroccba, planet, the Mandocoha, the 
S'ighra- Kendra and the Manda Kendra ; hence, we have 

P = Ui - K x = U, + K t from these equations also 

by multiplying througout by ^ , we have the planetary 

position as the difference of the S'lghrocoha-graha and 
S'ighra Kendra-graha or the sum of the Mandoocha-graha 
and Manda-Kendra-graha. 

Again, if P If P 2 be the numbers of sidereal revolutions 
of a computed planet and one to be computed respectively 
and if p lf Pa be the computed planet and the one to be 
computed, then 

p i X j£ = P* P, X = p, so that S = & 

. Pj x ■ Pa 

p^ - p * which means that the position of the 

6 
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planet to be computed is got by multiplying the planetary 
position of a planet computed by the number of sidereal 
revolutions of the planet to be computed and dividing by 
"the number of sidereal revolutions of the planet oomputed. 

Verse 15. We get the Ahargana by multiplying the 
planatary position given in number of revolntions and 
fraction of a revolution by the number of days in a Kalpa 
and dividing by the number of sidereal revolutions in a 
Kalpa. How by indeterminate analysis we get' the same 
Ahargana, given the number of past sidereal revolutions 
alone, or by the fractional part of a revolution alone, or 
by the sum of the fractional parts in the case of more items 
involved, I shall tell later. 

Comm. While computing the planet we have the 
A X P 

formula — ^ — = p where A = Ahargana, P = the num- 
ber of sidereal revolutions of the planet, M — number of 
mean solar days in a Kalpa and p = the planetary position 
consisting of the number of past revolutions and also the 
fraction of a revolution. From the above equation, the 
M X p 

Ahargana A — — p — as stated^ In tne case of only 

the integral number of revolutions or the fraction of a 
revolution alone being given, or the sum of remainders if 
more items than one are involved, the method of funding 
the Ahargana is illustrated in gojadhyaya under prastaa- 
adhyaya under verses 12 — 21. 

Verses 16, 17. Method of getting the time in solar 
years that has 'elapsed from the beginning of the Kalpa, 
given the Ahargana. 

, The given Ahargana multiplied by the number of 
Ks|iaya-tithi8 in a Kalpa and divided by the number of 
civil days in a Kalpa gives the number of the elapsed Kshaya 
tithis. Adding these to the Ahargana we have the lunar 
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days L. These again multiplied by the number of Adhika- 
masas in a Kalpa and divided by the tifchis in a Kalpa give& 
the elapsed number of Adhikamasas. Multiplying this 
number by thirty and subtracting from the above lunar 
days L, we have the elapsed solar days. Dividing these by 
thirty, we have the number of elapsed solar months, the 
remainder being solar days. Dividing the solar months by 
12, we have the elapsed solar years and the remainder here 
are the solar months. Thus we have the solar years, solar 
months and solar days corresponding to the given 
Abargana. 

Comm. The inverse process detailed here is quit© 
olear. 

Verse 18. Computation of the Ahargana and the 
planetary positions from the beginning of the Kaliyuga. 

Find the Ahargana from the beginning of the Kaliyuga 
either (according to the method described formerly with 
respect to a Kalpa) and this Ahargana begins from Friday, 
Computing the mean planetary positions from this Ahar- 
gana and adding to their mean positions at the beginning 
of the Kali which are known as Dhruvakas, we have their 
planetary positions for the day concerned. 



Verses 19, 20. The Dhruvakas of the planetary posi- 
tions at the beginning of Kali, given in a tabular form. 
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Comm. The mean Sun and the mean Moon are taken 
to be in conjunction at the zero-point of the Zodiac. The 
planetary positions given above are accepted by Bhaskara 
on the authority of Brahmagupta. The fact that these 
positions differ from those given by Aryabhata signifies 
that Brahmagupta observed the True positions in his own 
time and to obtain those positions by calculation, he must 
have changed the fundamental oonstants such as the 
number of civil days, and sidereal revolutions of planets 
etc in a Kalpa. Here ends the section known as graha- 
nayana. 



MADHYADHIKARA - KAKSHADHYAYA 



Verses 1, 2. The circumference of Akasa — Kaksha. 

Astronomers say that the circumference of Akasra- 
Kaksha is 18712069200000000 yojanas. Some say it is the 
circumference of the universe whereas some say that it is 
the circumference of the mountain which goes by the name 
Lokaloka. Those who perceive the celestial sphere as a 
fruit of the emblic myrobalan, (Known as Amalaka in Sans- 
krit) placed in the palm, say that it is the circumference of 
the sphere of solar radiation ie the imaginary sphere whose 
volume is filled by solar light. 

Comm, Bhaskara, in the course of the Commentary 
makes it clear that he does not subscribe to this idea which 
is only mythological. Look at his words which are signifi- 
cant and testify to his rational outlook " tTT53tf3> tTcfft3I&, 
amir ^IfTr^m " ie "This is not our view ; because it is 
baseless". A yojana will be seen to be equal to 5 miles 
approximately. 

Verse 3. He gives his personal view as follows. 

The universe may be bounded or unbounded ; our view 
is that this dimension of the oiroumferenoe is no other 
than the distance covered by each planet in the Kalpa. 

Comm. This was an assumption made by the ancient 
Hindu Astronomers, as well as another assumption that the 
distance covered by every planet during a day is the same. 
This we shall see later. 

Verse 4. The oiroumferenoe of the universe given 
above divided by the number of the sidereal revolutions ii 
a Kalpa of any planet gives the circumference of the plane- 
tary orbit, so that in a Kalpa, the total distance covered if 
the oiroumference of the universe. 
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Comm. Clear. 

Verse 5. The circumferences of the orbits of the Son, 
Moon and the Stars. 

The oircumference of the Sun's orbit is 4331497^ yoja- 
nas, that of the Moon 324000 yojanas, of the stellar sphere 
259889850 yojanas. 

Comm. Later, we are told by Bhaskara that the cir- 
cumference of the earth is 4967 yojanas and its diameter is 
1581. As the method given by him in the Commentary in 
that context, to measure the circumference of the earth is 
correot, we may take it that the ancient Hindu Astronomers 
could estimate the same correctly. If that be so, when 
Bhaskara gives the circumference to be 4967 yojanas, it 

means 4967 yoj = Bm * 44 m ii es or 1 yojana 

„ 3960 X 44 eM 

~~ ~7 X 4967 = 68 ° r is ^ e same 1581 yo i a " 

nas = 7920 miles ie one yojana = 5.01 miles approximately. 
With this measure of a yojana, the Moon's mean distance 
from the earth's centre should be (as given above) 
324000 X 7 v/t , 

~ — ^ X 5 miles = 257725 miles approximately. 

This seems to be a fair estimate and we have to find 
out how this estimate could be made— Indeed, there are 
many elementary trigonometrical methods of [finding the 
distance of the Moon. Which of them was used by the 
Hindu Astronomers, we have to discuss. Bhaskara, however 
takes it implicitly fro m Brahmagupta's version. The latter 
does not mention from what source he derived it but simply 
mentions that he has resuscitated the Brahma-Siddhanta 
whiph grew obsolete. Either he or the author of Brahma- 
Siddfcanta must have computed this distance using trigono- 
metry. The following seems to be the simplest method, by 
which the Moon's distance was originally e3timated~Kefer 
fig. 1. Let z be the zenith-distance of the Moon as obser- 
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Fig, 1 



ved from a place A on the primary meridian going through 
Lanka, Ujjain, Kerukshetra etc by an instrumeut (A pro- 
tractor) described by Bhaskara under verse 5 Chandragraha- 
nadhikara, grabaganita at the time of transitting. Let B be 
a sublunar point on the earth at the moment of that obser- 
vation, where B is also on the same primary meridian. 
Since both the places happen to be on the primary meridian, 
and such places were primarily known, both the observa- 
tions could be made simultaneously. Knowing the distance 
A B between the two places, the angle subtended by A B 
could be easily got from the triangle A O M where Q is the 
earth's centre and M the Moon. As a first approximation, 

Sml = Sin^ ^ Sin Z - Sin Q fcakin S M * on Z hl ? fco 
be equal to (a + d}. In the above equation, a being known 
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a * Sin Q . d a 

3 = Sin Z- (Sin0)- StnBtly Sfeaking Stal " SinW) 

1.L i. a a Sin 
so that d = Sin{Z-Q )' 6 (Sin Z ~ Sin ^ < 8in ( Z ^> 
the estimate of d obtained is a little greater than its 
true value. We shall discuss other possible methods of 
finding the Moon's distance in the chapter on lunar eclipses. 

Having got the distance of the Moon as afore-said,, 
it was easy to obtain the angle oe marked in fig. 1 for, 
g . = MgM 1 = a 277a _ 4967 
OM 1 d 277d ~ 324000 
Since is small Sin °= = « radians. 
. ^ 4967 X 3438 _ 4967 X 191 
' ' 00 324000 ~ 18000 ~~ 52,7 ' 

Since the Moon's daily average motion 790' — 35" is had 

in sixty Nadis, 52.7' of motion is covered in ^qq^ 6(> 
approximately = f § = 4 Nadis, Thus the fact that we are 
given the horizontal parallax as 4 Nadis in the context of 
lunar eclipses is based on this. 

Having obtained thus the distance of the Moon from 
the centre of the earth e, and having measured the angular 
diameter of the Moon's disc with the help of the protractor 
mentioned above, from the triangle EAM (Ref. fig. 2) where 



Fig. 2 
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SA is a tangent to the Moon's disc and M the centre of 

the Moon, Sin B = T where B is the angular semi-dia- 
d 

meter of the Moon's disc, r' = the spherical radios of 

the Moon's disc measured in yojanas, so that since 

Sin B = B' in Hindu trigonometry when the angle is small,. 

27Tr' = 27Tr' _ J6_ . „ , _ 324000X16 , 

277d 3240U0 3438 " 3438 ' en0e 

, 18000 X 16 v 7 504000 aAn . 
r = ~ 191 -X - = w = 240yo Ja nas. 

Bhaskara gives the semi-diameter of the Moon's disc to be 
16'-0"-9"' so that the above r' is very approximately 240 
yojanas as given by Bhaskara. 

Now with these constants pertaining to the Moon's 
distance, and his spherical radius, it was sought to find the 
spatial distance traversed by the Moon during a day. The 
rule of three used was " If 16'-0"-19' ff of the Moon's angu- 
lar semi-diameter pertains to a spatial distance of 240 yoja- 
nas at his orbit, what does the mean daily motion of 

790'-35" pertain to ? " The answer is 688064000 = 1185ft * 

57609 t AAOOa * 

yojanas as given by Bhaskara elsewhere or taking the 
Moon's mean semi-angular diameter to be 16' only and 
using the rule of three " If 16' at the lunar orbit correspond 
to 240 yojanas, what do 790-35" correspond to " we have 
790'-35"X240 1J? „„ rt „ 

= 15 X 790 T V = | X 9487 = 9487 + 237l£ 

= 11858f yojanas as given byjjBhaskara. 

Thus having obtained the daily spatial motion, the 
Hindu Astronomers assumed all the other planets (includ- 
ing the Sun) to have the same daily mean spatial motion. 
On this assumption since the, Moon's orbit will be 
27.32]7X11858f=324000 yojanas, and the circumference 
of the universe will be 324000 X 57753300000 
= 18712069200000000 yojanas the Sun's orbit will be 

7 



50 



circumference of the universe 
Number of sidereal revolutions 



= 4331497$ yojanas 




3240 



432 



X 577533 



- i? X 577533 = 8662995 




= 43314971). 



Also, the circumference of the stellar universe was 
presumed to be sixty times that of the Sun's orbit. 

With the constants obtained for the Moon's diameter 
and distance and with assumption that all the planets have 
the same daily motion, the constants pertaining to the Sun 
and the other planets were obtained. We shall resume this 
"topic in another context. 

Verse 6. The mean daily motion of the planets. 

The circumference of the universe divided by the num- 
ber of days in the Kalpa, gives the daily spatial motion of 
a planet. The planets move thus a distance of 11858f 
yojanas in a day. 

Commu. Already explained. 

Verse 7, and half the verse 8. The Ahargana multiplied 
by 11859 decreased by the quotient obtained by dividing 
the product of the Ahargana and 9921 by 35419 gives the 
distance covered by a planet in yojanas. These yojanas 
divided by the oiroumference of the planet's orbit gives the 
fraction of a revolution and the integral number of revolu- 
tions made. 

Comm. Let the Ahargana be A; every planet should 
have described a space equal to A X D where D is the dis- 
tance traversed per day and is just a little less than 11859, 
or more correctly should have described a space equal to 

A X — where C is the afore-said circumference of the 
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universe, and e the number of civil days or mean solar 
days in a Kaipa. » For the sake of an easy computation 
Bhaskara gives here an interpolation. In the first place, 
we are asked to multiply A by 11859 by which, an excess is 
there in the result; then this excess is sought to be removed. 

The excess is A X 11859 - because A X £ is the 

o u 

oorrect distance described. In other words, the distance 
described by any planet is 

= A x n869 _|ax 11859- A2p) I 

^ 18712069200000000 = 420024000 dividing by 
J3ut o 1577916450000 35419 

the common factor 44550000 

.". The space described by any planet is from I 

Ax 11859 -A {JOO^-^C.} 

-, 10 *n a f 35419 X 1185 9 - 420024000 ) 
= A X 11859 - A | ^ } 

But the numerator within the braokets is 9921 

Space described — A X 11859 — ^ 35419^ 

as stated. This distance divided by the individual orbital 
lengths, we have the integral number of revolutions made 
by each planet, rejecting which we have the fractional part 
of a revolution which gives the position of the planet. 

Verses 8, 9. The orbit of the planet itself is no doubt 
the orbit of the Mandoccha (apogee with respect to the Sun 
and the Moon and aphelion with respect to the other Star- 
planets ie Mars, Mercury, Jupiter, Venus and Saturn) and 
of the node (point of intersection of the orbits of the Star- 
planets with the ecliptic); but while Computing the posi- 
tions of these Mandocchas and the Nodes, as per the 
method indicated above ie aocordiDg to the method of 
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Xakshadhyaya, their orbits are taken to differ from those 
of the t planets, (beoause slow-moving, points will have 
longer orbits as per the assumption made namely that the 
circumference of the universe divided by the number of the 
sidereal revolutions gives the length of the orbit). Simi- 
larly the orbit of the Sun itself will be the orbit of Mercury 
and Venus, and the orbits of their S?ighrocchas are their 
real orbits wherein Mercury and Venus are taken to move 
mth the velocity of the Sun. 

Comm.! The prescription of the computation of a 
planetary position as per the method of Kakshadhyaya, has 
brought in an awkward situation. Let us consider the 
Computation of the positions of Mercury and Venus. These 
iiwo planets oscillate about the mean position of the Sun, 
because their orbits happen to lie within the earth's orbit! 
Hence their mean sidereal periods coincide with that of the 
Sun, which means that their numbers of sidereal revolu- 
tions coincide with the number of sidereal revolutions of 
the Sun. Hence the Kakshadhyaya method of Computing 
a planetary position brings in the idea that the orbits of 
Mercury and Venus coincide with the orbit of the Sun. 
Bhaskara perceived the awkwardness of this situation and 
says therefore, the above coincidence of the orbits must not 
be taken to be a reality but is intended only for the sake of 
computation. The aotual planets Mercury and Venus in 
fact revolve says Bhaskara in the orbits of their Slghroc- 
<Jhas, with the velocity of the Sun-Even this supposition 
that the actual planets move with the velocity of the Sun 
sounds odd, but this will be clarified later in the spashta- 
adhikara, wherein we propose to explain the peculiar con- 
cept of S'ighroccha at length. 

Here ends the Grahanayanadhyaya according to the 
Kakshadhyaya method. 



THE ADHYAYA KNOWN AS PRATYABDA 
S'UDDHI IN MADHYADHIKARA 



Verse 1. The number of years which have elapsed from 
the beginning of the Kalpa, respectively multiplied by 2, 4 
and 3 and divided by 8, gives what is called Dinadya in 
days, ghatis and Vighatis respectively. If this be added to 
the number of years and divided by seven, the remainder 
gives the Abdapa or the lord of the year, (under whose name 
the week-day of the commencement of the year stands). 

Comm. One mean solar year consists of 365 days, 15 
ghat is, 30 palas, and 22| Vi palas where the units are all 
mean solar and one mean solar day is equal to 60 mean solar 
ghat is, one mean solar ghati is equal to 60 mean solar palas, 
one mean solar pala is equal to 60 mean solar Vipalas and 
so on in sexagesimal sub-division. The fraction of the day 
over and above 365 days, namely 0-15-30-22-30 multiplied 
by 8 gives 2 days, 4 ghatis and 3 palas so that by the rule 
of three i.e. ' If in 8 mean solar years, the fraction accrues 
to 2 days, 4 ghatis and 3 palas, what will it accrue to in x 
elapsed mean solar years from the beginning of the Kalpa ? 

xX2 xx4 • xX3 

we have the answer days j - ghatis and — — 

o o , o 

palas. If this is added to the number of the elapsed years, 
and the result divided by seven, the remainder gives the 
week-day of the commencement of the concerned year, be- 
cause the remainder got by dividing 365 by 7 is one, and 
the week day advances at the rate of one per year. Also 
the Kalpa began on Sun-day. 

Verse 2. Alternate method. 

Half the number of elapsed years added to ^ of itself* 
then divided by 60 and added to i of the elapsed years, 
gives the Dinadya. 
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Comm. Sinoe the Dinadya per year is 0-15-30-22-30, 
in x elapsed years it accrues to x X 0-16-30-22-30 

days + ghatia + xX22 * P alas | da y a + 

x * x X 45 , Xj.x ,3x 1 Xti 

-g + - — — palag = - d+ g 4- x — 2 = - d 4- 
2 & 2X60 F 4 2 5 ^ 8 60 8 4 

^-(l+^)g = jd+| ( i±M d which is the given 
formula. 

Verse 2. Alternative method. 

The number of elapsed years divided by respectively 4, 
120, and 9600 and the Sum taken gives the Dinadya. 

Comm. Let x be the number of elapsed years. The 

Dinadya as before is xX 0-1 6-30-22-30 = -d 4- x x3Q d 

4 60X60 



+ 



xX45 d /x , x , x \ , 

axeo x mm = {i + m + 96oo) d as glven - 



Verse 3. To obtain what is known as Kshayahadya. 
The number of elapsed Kshayahas from the beginning of 
Kalpa upto the commencement of the year, is obtained as 
follows. Let x be the number of elapsed years; then 

_ x (l-W^) + 30x v u _ u _ 
x — — ^ |g£ — Kshayahas. 

Comm. The number of Kshayahas in a Kalpa of 
4320000000 solar years is 25082550000 so that per year their 
number is 5-48-22-7-30. In this 0-48-22-7-30 is said to 
be Kshayahadya per year = 1 - (0-11-37-52-30) putting 
the quantity within the brackets into a fraction, 52| vipalas 

= ^ X 61) . = I <»" a8; ( 37 +*> = >< £ 

gh. ti9 - «g ghati8 . n m ghatis _ _um_ daye 
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^ _L of 1|S days = of 31 days, one ghati. Hence 
per year the Kshayahadya is 1 — of ^gj_jj 80 fcna * 
for x years it would be |x — ^ {^l-lj } d 

= x — — I 30x + x (1+ A) 1 which is the formula 
160 * J 

given. 

Verse 4. Alternative method. 

The Dinadya obtained before multiplied by three, ia to 
be diminished by ^oth of the number of years; the result 
increased by ^th of the number of years gives the number 
of Kshayahas. 

Comm. The Dinadya pertaining to one year is 
0-16-30-22-30 and the Kshayahadya is 0-48-22-7-30. 
Multiply the former by 3 and subtract from the latter; we 
have 0-1-51 = 0-1-U = 0-l-f£ = 0~U = UX*l = itus 
day Hence K— 3D = if&u day where K = Kshayahadya and 

D = Dinadya .:. K = 3D + ^j- henoe per x years it 

= 3D X x + — which is the formula given. 

30 400 

Verse 4 contd. Alternative method. 

Or else K = Ajl- !)+,(!- J-) 



Comm. The Kshayahadya for an year is 0-48-22-7-30 
48 ghatis = (1 — | ) day; hence for x years x ( 1 — I ). 
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The remaining fraction = 0-0-22-7£ = 0-0-(22+-Y-X ss) 

= 0-0-221 = — V!l x — - 69 = 60-1 

8 60 160 160 X 60 

day = 160 ~ 60 X 160 = m ( 1 ~'k) ; hence for x 

years 1 1 — i\ 
160 \ 60/ 

Adding the two we have the required formula. 

Verse 5. To obtain the elapsed number of Adhikama- 
sas and what is called S'uddhi. 

The sum of the Dinadya, Kshayahadya and ten times 
the number oi elapsed years divided by 30, gives the num- 
ber of the elapsed Adhikamasas; the remainder is known as 
S'uddhi if diminished by the fraction of the Kshayahas. 

Comm. The number of mean solar days in an year is. 
365-15-30-22-30; the Kshayahas in an year are 5-48-22-7-30; 
adding the two we have the number of tithis in an year 
equal to 371-3-52-30. The number of solar days being 360, 
the number of tithis which constitute the Adhimasas is 
equal to 11-3-52-30. The sum of the Dinadya and Ksha- 
yahadya in a a year = 0-15-30-22-30 + 0-48-22-7-30 = 
1-3-52-30. Hence the above number of tithis which cons- 
titute the Adhimasas namely 11-3-52-30 .= 10 + Sum of 
Dinadya and Kshayahadya pertaining to an year. Hence 
for x years, the Adhimasa days are equal to xxlO+Sum of 
Dinadya and Kshahadya for x years. These Adhimasa days 
divided by 30 give the Adhimasas, and the remainder is 
called S'uddhi, so called because while finding the Abargank 
from the beginning of a solar year, this remainder has to be 
subtracted. Why the fraction of Kshayahas, which is there 
in this S'uddhi is prescribed to be subtracted, will be explai- 
ned in another, context. 

Verse 6. An alternative method to find the Adhima- 
sas. The number of years divided separately by 32 and 30, 
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the sum inoreased by the number of years multiplied by 
eleven and the result divided by 30 gives the number of 
elapsed Adhimasas. The remainder diminished by the 
fraction of Kshayahas as mentioned before, is the Sfaddhi. 

Comm. Every year, the number of Tithis that consti- 
tute the AdhimasSs accruing in the course of years, is 
11-3-62-30. The fractional part of this namely 0-3-52-30 

-0-3-52| = 0-3-f^=0~3| = 0-f 

- 31 X i = SL = 16+15 = 1 + 2 converted 
~ ¥ 60 480 480 30 32 

into days. Hence for x years — + — . Adding the 

x x 

number of days llx, we have llx + — + — as stated. 

Dividing these days by 30, we have the number of elapsed 
Adhimasas and the remainder is S^uddhi, if the fraction 
of the Kshayahas is subtracted therefrom as indicated. 

Verse 7. Method of finding the lord of the year with- 
out a knowledge of Dinadya. 



The week-day at the Commencement of the Solar 
year, which pertains to the lord of the year, is the remain- 
der got by dividing by seven the Sfaddhi which is itself 
diminished by the remainders got (by dividing by seven 
separately firstly double the excess of the elapsed years over 
the elapsed Adhikamasas and secondly the elapsed Ksha- 
yahas. This may be put in symbols as K 7 { 8— (2y— A) 
R T . K. } = R 7 { S' — Kj (2y — 2A + K) } where R, signi- 
fies the remainder got by dividing by seven the quantity 
which follows, S signifies Sfuddhi, y means the elapsed 
Solar years A the elapsed Adhikamasas and K the elapsed 
Kshayahas. 

8 
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Comm. The lord of the year is the lord of the week- 
day at the Commencement of the solar year. To get this 
week-day we have if the number of Tithis elapsed upto the 
beginning of the luni-solar year be T, the Suddhi S, the 
Kshayahas upto the Commencement of the solar year be K, 
then since the number of civil days is equal to T + K, B T 
(civil days) = E 7 (T + 8 — K). But T = 360y + 30A where 
y is the number of elapsed solar years and A the number of 
elapsed. Adhikamasas. R T (T) = B 7 (360y + 30A) = B T 
(3y + 2A) since the remainder got by dividing 360 and 30 
by seven are respectively 3 and 2. Hence R 7 (civil days = 
Ahargana) = E 7 (3y + 2A) + — E 7 K. The number of 
Kshayahas K = y (5-48-22-7-30) = 5y + y (0-48-22-7-30). 
But y (0-48-22-7-30) = K where K is the previously calcu- 
lated Kshayahadya. Hence R 7 K = B T 5y + B 7 K. Substi- 
tuting this in the above B 7 (oivil days) = R 7 (3y -f 2A) + 
■JE^ST - B T (5y + K) = B 7 S - B T (5y - 3y) + B 7 (2A) - 
E 7 K = B 7 (ST — R 7 (2y — 2A) — B 7 K ] which is the given 
formula B 7 (S' — B 7 (2y — 2A + K) ]. 

Verse 8. To obtain the fractional part of the elapsed 
Kshayahas even without a knowledge of the number of 
Kshayihas. 

The excess of the ghatis of the Adhimasa Sesha ie the 
remainder got by dividing the sum of the Dinadya, Ksha- 
yahadya and ten times the number of elapsed years by 30 as 
indicated in verse 5, over the ghatis of the Dinadya, obtai- 
ned under verse 1 gives the fractional part of the Kshayahas. 

Comm. The ghatis or the fractional part of the Adhi- 
masa Sesha is the-sum of the fractional parts of Dinadha 
and the Kshayahadya so that the [excess of the ghatis of 
the Adhimasa Sesha over the ghatis or the fractional part 
of the Dinadya gives the ghatis or [the fractional part of 
the Kshayahas. 

Verse 9. The planetary positions at the end of the 
elapsed solar year. 
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The number of the elapsed solar years multiplied by 
the number of sidereal revolutions of the respective planets 
in a Kalpa and divided by the number of Solar years in 
a Kalpa gives the planetary positions at the end of the last 
Solar year. 

Comm. This is a simple rule of three. The plane* 
tary positions so got, leaving out the integral numbers of 
revolutions made which are not required, are called the 
Dhruvakas of the respective planets for the ensuing solar 
year. With respect to the apogee of the Sua and the aphelia 
and nodes of the star — planets these Dhruvakas themselves 
give their positions for the whole ensuing year, as their 
motion is very very slow. 

Verse 10. An alternative method of obtaining the* 
Dhruvaka of the Moon. 

The Adhimasa Sesha multiplied by 12 gives the posi- 
tion of the Moon at the Commencement of the Solar year. 

Comm. Since the position of the Sun is at the Zero- 
point of the Zodiac at the Commencement of the solar year, 
and since the Adhimasa Sesha is the difference of the solar 
and luni-Solar systems of reckoning, or what is the same, 
the arc gained by the Moon over the Sun, which is no 
other than the elongation of the Moon measured in Tithis 
each tithi being of 12° gain of elongation, so the Adhimasa 
Sesha at the Commencement of the solar year in Tithis 
multiplied by 12 gives the longitude of the Moon at that 
Commencement. (Note - Bhaskara waxes into poetic 
eloquence in the second half of the verse, having given the 
procedure in the first half). 

Verse 11. Prooedure prescribed in the event of com- 
puting planetary positions from the beginning of the 
Kaliyuga for the sake of convenience. 
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The Dinadya may be also obtained from the beginning 
of the Kali, which begins with Friday. The Dhruvas 
calculated for the commencement of the solar year are to 
be added to the planetary positions at the beginning of the 
Kali, in the event of computing the Ahargana and thereby 
the planetary positions from the beginning of the Kaliyuga 
for the sake of convenience. 

Comm. The Dinadya at the commencement of Kali 
is Zero, since the number of civil days during the length 
of time equal to a Kaliyuga is integral and equal to 
157791645 according to Brahmagupta and Bhaskara who 
follows him. The Suryasiddhanta, it may be noted here, 
.gives the number of days in a Kaliyuga as not integral 
but equal to 157791782.8. Hence the Dinadya computed 
from the beginning of the Kali is to be increased by .8 to 
obtain its value according to Suryasiddhanta. The plane- 
tary positions at the commencement of Kali were given 
by BhaBkara already. 

Verse 12. The number of what are called Kshepadinas 
to obtain the Ahargana, 

Hereafter Bhaskara is going to obtain the planetary 
positions for any day during the current solar year having 
obtained the Dhruvakas or the planetary positions for the 
beginning of the Solar year. In that behalf the Ahargana 
or the collection of days which have elapsed from the 
commencement of the Solar year is to be found. This 
Ahargana is obtained by subtracting the number of Ksha- 
yahas from the number of tithis that have elapsed. In 
finding these Kshayahas, we have to take note that there 
is a little remnant of Kshayahas at the beginning of the 
Solar year which is also to be taken into account while 
oomputing the number of Kshayahas during the course of 
the year. In other words, the number of Kshayahas that 
are going to be computed during the course of the year, 
for the elapsed part of the year will be in default of the 
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actual number if we ignore the accrued fraction of Ksha- 
yahas at the commencement of the Solar year. To make 
amends for that default we have to add some number to 
the numerator of the improper fraction which is going to 
give us the number of the elapsed Kshayahas during the 
course of the year. The formula that is going to be used 
to obtain the number of Kshayahas during the elapsed 

tithis iBg(l +762)- This formula arises out of the 

fact that there are 55739 Kshayahas during 3562220 tithis, 
so that for 64 tithis the number of Kshayahas is equal to 

64 X 55739 = 3567296 _ , 5076 = 
3562220 3562220 ~ 1 3562220 1 " r 

1 ! 

3562220 = 1 + ™ . Let the fraction of Kshayaha at 

IKjA 

5076 

the commencement of the solar year, to be taken into 
account be x ghatis i.e. ^ of a tithis (for Kshayahas are 

are computed out of tithis) i.e. * ^q™ * Let Y be the 

number of tithis elapsed after the commencement of the 
solar year. Then to compute the Kshayahas that ensue 
after the commencement of the solar year upto the day 
concerned during the oourse of the year, the formula to 
v / 1 \ m x tithis 

be used is ^ [ 1 + ^ /• To tbis we have t0 add 60 
as the balance of Kshayaha at the commencement of the 
solar year to be taken into acccount 

x tithis _ x X 64 _ x X U 
60 ~~ 64 X 60 ~~ 60 

Now, in computing the number of tithis which have 
elapsed after the commencement of the Solar year, we 
subtract S'uddhi from the number of tithis that have 
elapsed after the beginning of the luni-Solar year. But 
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in this S'uddhi we have subtracted the fractional part of 
the Kshayahas for a different purpose so that in sub- 
tracting the S'uddhi, we have increased the tithis by the 
fractional part of the Kshayahas. This increase there- 
fore should be nullified, which means that the quantity 
to be added is 

x X U _ * x X f§ 21 x x (1 + A) 
64 60 64 20 64 ~ 64 

Hence the Kshepadinas or the tithis to be added to the 
number of tithis which have elapsed from the commence- 
ment of the Solar year, are x (1 + A). This means that 
the ghatis x which form the fractional part of the 
Kshayahas are to be increased by one twentieth part of 
themselves and are to be viewed as tithis and not ghatis as 
mentioned. 

Verse 12 (contd.) and Verse 13. To find the Ahar- 
gana, ie the collection of days which have elapsed from 
the commencement of the solar year. 

The number of tithis which have elapsed from the 
commencement of the luni-Solar year diminished by the 
S'uddhi, increased by y^th part of the result, and then 
increased by the Kshepa-tithis aforesaid, and the result 
divided by 64, gives the number of Kshayahas, which have 
elapsed from the beginning of the Solar year. These are 
to be subtracted from the tithis which have elapsed from 
the beginning of the Solar year to give the Abargana. 

• 1 1 — H — I — I • — l 

Fig. 3 

Comm. (Refer Fig. 3). Let T t be point indicating 
the commencement of luni-Solar year ; let R x be the point 
indicating the next Sun-rise. Let S be the beginning 
point of the Solar year, Rg the preceding Sun-rise and T t 
the ending moment of the preceding tithi ; Let R a be the 
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next Sun-rise, T, the ending moment of the tithi preceding 
the Sun -rise R 4 upto which point the Ahargana has to 
be found from the commencement of the Solar year. Thus 
the Ahargana to be found is SR 4 = ST, + T g R 4 . Here 
T, R 4 is the Kshayaghatis, at the Sun-rise concerned. 
SK 3 is a fraction of a day that is to be there in the Ahar- 
gana SR 4 we are seeking. While subtracting the S'uddhi 
T x S diminished by the Kshayaghatis T a R 3 from the 
number of elapsed integral number of tithis from the 
commencement of the luni-Solar year namely T 1 T 3 we 
have Tj T 3 - (T 4 S - T a R 3 ) - T* T 3 - (T, T, - SR 3 ) = 
T 3 T 8 + SR 3 . Thus instead of SR 3 + R g R 4 we have by 
the above procedure SR 3 + T 3 T 3 . Though both T a T 3 and 
R 3 R 4 are integral numbers and should be the same if the 
interval is small, they may differ by an integral number, 
if the interval happens to be long. Bhaskara says that 
this difference of an integral number will be rectified by 
the Kshepadinas found under verse No. 12, for, from these 
Kshepadinas, the Kshayahas are found and subtracted 
from the tithis. It will be noted that the difference of 
an integral number between T a T 3 and R 3 R 4 is no other 
than Kshayahas. 

Or, this may be seen in an other way. We are to find 
SR 4 = T^ - T, S = % T 3 + T 3 R 4 - T, S = T a T s - 
(Tj S - T 8 R 4 ) = No. of elapsed tithis — (S'uddhi — 
Kshayaghatis at the day concerned). But instead of the 
Kshayaghatis at the day concerned Bhaskara prescribes 
the subtraction of the Kshayaghatis at the end of the Solar 
year ie instead of subtracting T 3 R 4 it is prescribed to sub- 
tract T 3 R,. This difference, Bhaskara says is made up 
by taking into account the Kshepadinas pertaining to the 
Kshayahas. 

Verse 14. In case the Ahargana is required for a day 
proceeding the commencement of the Solar year, then th« 
elapsed tithis are less than the Tithis of the Suddhi ; so 
subtraction is not feasible. In this case, it is prescribed 
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to take the elapsed tithia from the previous Chaitra and 
the £?uddhi of the previous year. Also in this case the 
Dhruvakas pertain to the commencement of the previous 
Solar year* 

Comm. Easy. 

Verse 15. To obtain the position of the Sun. 

The number of the days in the Ahargana is to be 
diminished by 35 part of itself to obtain the number of 
degrees, and fractions thereof ; then the Ahargana multi- 
plied by three and divided by 22 gives the minutes and 
fractions thereof. Adding the two results we get the 
position of the Sun. 

Comm. The mean daily motion of the Sun is 
0-59-8-10-21. Here 59' = 1° - 1' = (1 - *\)° ; for x 

days x (1 — = x° — qq as mentioned. The remain- 

9807' 

ing part namely 0-0-8-10-21 = ^qqq ; Converting thia 

into a continued fraction it is equal to ttt ttt tV t^tt 

z-f- 

3' 8x 

of which a good convergent is ^ • Hence for x days ^ 

as stated in the verse. 



verse 16. To obtain the position of the Moon. 

The number of elapsed integral tithis multiplied by 
12 and added to the Sun's position in degrees, gives the 
Moon's position in degrees at the ending moment of the 
tithi preoeeding the day at the Sun-rise of which the 
planetary positions are sought. To find the position at 
the Sun-rise required, ten times the Kshaya-dina-Sesha 
increased by ^t>h of itself gives the number of minutes to 
, be added to the position got above. 
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Comm. The first part is clear, because for every fcithi, 
there will be an increase of elongation of 12°. To get the 
fractional part of the tithi in between the ending moment 
of the tithi and the subsequent Sun -rise, the interval whioh 
is Savana ie expressed in the unit of civil day has to be 
converted into luni-Solar units. The rule of three is 1 If for 
63 Savana days there are 64 tithis, what will it be for the 
above interval V Here the approximate ratio of f f is used 
because the Ahargana which is Laghu is small ie is less 
than 365. The Kshaya-dina-Se3ha which was got under 

verses 12, 13, has a divisor of 64, and is of the form ^ . 

yX 64 y 

Hence the quantity to be added is gj^" gg = of a tithi 

= ^ X 12 X 60 minutes of arc = f X 10 y = 10 y (1+ 

minutes as given in the verse. This has to be added to 
12t°, got before where t is the number of elapsed tithis. 

Verse 17. Computation of Mars. 

The mean daily motion of Mars is 0-31-25-28-7=0—30 

-4- 0-0-90 minus 0-0-3-31-53. If x be the number of 

x° x 
days x X 0-30' = % ; x X 0-0-90" =3X3'; thus the 

rule prescribed is " Half of the number of days gives the 

degrees ; half the number of days multiplied by 3 gives 

the number of minutes " from this we have to subtract 

x X (0-0-3-31-53). The quantity within the brackets 

is approximately T V of a minute for T V =0-0-3"-3r'-46 ff ". 

Since the Ahargana is small the preoision required is there. 

x° x , x' 
Thus the rule is ~ ^ X 3 + yj + the Dhruvaka at the 

beginning of the Solar year. 

Verse 18. Computation of the S'ighroooha of Mercury. 

The mean daily motion of the Budha-Sftghra is 
4°-5'-32*-18'"-28'"\ 
9 



Bute, If the Ahargana be x days then the S'lghra will 
4x X 3' 

be 4x° 4- — j^q — 4- Dhruvaka. Proof. For x days, the mean 

motion is x X 4° + x X (0-5 '-32M8"-28""). The second 

3° 12° 

part is taken to be 4x X j^q ie x X j^q = x X £s° f° r 

of a degree = 0-5'-32*-18-" , 28*\ The fraction & can 
be seen to be a convergent of the remainder for 6'-32*- 

299077° 1111 1 
18 "'- 28 = 3^0000 = 10+ U 4? U 9968 of whlch the 
penultimate convergent is 

Verse 19. The Ahargana divided by 12 and by 71 
gives respectively the positive degrees and negative minutes 
to be added to the Dhruvaka of J upiter. 

x° x' 

Comm. If x be the Ahargana J2 ~~ 71 Dhruvaka =■ 
Guru. 

The mean daily motion of Jupiter is 0-4-59-9.9=0-5' 
minus 0-0-0-50-51. Evidently 0-5' X x = The 

61' 

remainder 0-0-0-50-51 = °* wmcn *» ne continued 

. • 1 1 1 A 
fraction is i^q^ jq^ g . A very approximate convergent 

is tt as given. 

Verse 19 contd. To obtain the position of the S'lghra 
of venus. 

The Ahargana multiplied by 10 and divided by 6 and 
155 respectively gives degrees positive and negative to be 
added to the Dhruvaka of Venus to give his position. 

10 x 10 x 

Comm. The formula is -g— — jgjr. The mean daily 
motion of the S'lghra of Venus is l°-36'-7' r -44" -35"" 
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i°-40' minus 0-3'052 w -16'" approximately. For x days x X 
2° 5 10 x° 

1— = - x° = 6 which gives the first part. Also 3'-52"- 

929° 1111 
16 "' = 14400 = 16+ 1+ 1 + 464 ° f whi ° h a 

10x° 

proximate convergent is st=t& ifi f° r 2 days . Hence 

10 x° 10 x° , ^, 
the position is given by — g— — -jgjr + Dhruvaka. 

2x' 

Ferse* 20. The position of Saturn is given by -y -f 

2x* 

-g- + Dhruvaka = Saturn's position. 

Comm. The mean daily motion of Saturn is 
0-2-0-22-51. 

For x days 2x' -f x X 0"-22"'-51" w . The latter part 

• 137 " • l , 1 1 1 1 1 « , ■ 

is ggQ- approximately = gq: jq: jq: jq; % °* which a near 

2x w 

oovergent f so that for x days, we have 2x' -f- -=- 

5 

4- Dhruvaka position of Saturn. 

Verm 20 oontd. To find the position of the apogee of 
Moon. 

The Ahargana divided successively by 10 and 88 and 
added gives the degrees to be added to the Dhruvaka of 
the Apogee of the Moon to obtain its position. 

Comm. The mean daily motion of the apogee of the 
Moon is 0-6-40-53-56. Ac the rate of 6' per day, in x 

days the number of degrees covered is ^ ; the remainder 

4601° 1 1 
0-0-40-53-56 - 40501)0 = 88+41 of which a ™*7 
approximate convergent is Hence the position is given 



66 



by jq + gg + Dhruvaka as given by the verse* 

Verse 21. To obtain the position of the lunar Node 
Bahu. 

The Ahargana multiplied by 30 and divided by 666 
gives the number of degrees to be added to the Dhruvaka 
to give the position of Rahu. 

Comm. If the number of the sidereal revolutions of 
Rahu in a Kalpa multiplied by twelve divide the number 
of days in a Kalpa we have very approximately 566, which 
means that Rahu traverses a Rasi very nearly in 566 days. 
Hence dividing the Ahargana by 566, and multiplying by 
30, we have the degrees covered, whioh being added to the 
Dhruvaka gives the position of Rahu. 

Verses 22, 23, 24. Alternative method of obtaining 
the planetary positions. 

The Ahargana multiplied by 100000, and divided 
successively by 101461, 151787, 190833, 24436, 1203400, 
62416, 2990000, 898000, 1886800 gives the respective posi- 
tions of theplanets beginning from the Sun and those of 
the apogee and Node of the Moon; in the case of the 
Moon, however, the result is to be multiplied by 20. The 
results in degrees added to the Dhruvakaa give their posi- 
tions. 

Comm. The degrees covered by the planets etc in 

R X 360 X D° , „ . . . . , 

D days are ^ where R is the number of side- 
real revolutions in a Kalpa, M the number of mean solar 
days in a Kalpa, and D the Ahargana. Now 

R X 360 X D R X 360 X D X 100000 D X 100000 



M ~ MX 100000 



-MX 100000 



R X 360 
M X 100000 

Then ~ r x 360 * 8 foun< * * or evei T planet. In the case 



*9 

the Moon, however a multiplier 20 also is used in addi- 
iion to 100000, because he has suoh a quicker motion. 

Verses 25, 26. To obtain the mean daily motion of 
the planets. 

The number of minutes of arc moved by a planet per 
day gives the mean daily motion of that planet. Though, 
however, the spatial velocity of each planet is the same 
per day, in angle, the velocities differ, (on account of the 
varied distances) and bo we perceive slowness or fastness 
in the movement of the planets. 

Comm. Easy. 

The assumption of equal daily spatial velocities for 
all the planets has been explained before. The daily 
angular velocity of a planet in minutes of arc is 

B X 360 X 60 ^ R . B the number o{ ibg sidereal re- 
iki 

volutions and M the number of mean solar days in a Kalpa. 

Verse 27. The reason for unequal angular velocity 
of the planets. 

Since the planetary orbits are all construed as com- 
prising of 360° alone, a minute of arc of a smaller orbit 
has a smaller spatial distance which will be covered more 
rapidly, the velocity being constant, whereas of a longer 
orbit, a minute of arc means a longer distance which will 
be covered in a longer time at the same spatial velocity, 
which means that the planet appears to be slow in 
motion. Thus the Moon, the Mercury, Venus, Sun, Mars, 
Jupiter, Saturn being placed at longer distances from the 
earth in ascending order their orbits are longer in ascend- 
ing order so that they are slower in angular motion in 
that order. 



Here ends the section called Pratyabda S'uddhi in the 
chapter Madbyadhikara. 



THE SECTION KNOWN AS ADHIMASADl- 
NIRNAYA IN Ch. I 



Verse 1. A special feature of the computation of 
Abargana. If the Ahargana is to be increased or decreased 
by unity to adjust it with the week-day, the tithis also arc 
to be increased or decreased by unity to be adjusted with 
the week-day. Then in that context of increasing or 
decreasing the Abargana by a day the Adhimasa-Sesha is 
to be increased or decreased by the number of Adhimasas 
of a Kalpa and the Avama-Sesha is to be increased or 
decreased by the Avamas or Kshayahas of a Kalpa. 

Comm. After having computed the Ahargana as per 
the directions given under verses 1-3 of the section of 
Grahanayana, we have to test its correctness on the basis 
of the week-day taking it that the Kalpa began with 
Sunday. In other words, since the number of the elapsed 
week-days accord with the number of Sun rises, the week- 
day on the day on which the Ahargana is computed should 
accord with the Ahargana ie dividing the. Ahargana by 
seven, the remainder must give us the week-day of the day 
in question. But it so happens that we may have to add 
or subtract one from the Ahargana arrived at to adjust 
the Ahargana with the week-day. Why does this happen ? 

The reason is as follows. When we find the Ahargana 
for a particular number of elapsed tithis, we are unwit- 
tingly taking the number of elapsed true tithis in the plaoe 
of the average tithis. The fact that we are given in the 
table of constants, the number of mean units of time in 
a Kalpa, for example mean solar days, mean tithis etc, and 
the fact that computation proceeds only on the basis of 
these mean units, means that we have taken into account 
only the number of mean tithis elapsed. Hence this is 
to be oorreoted bj us. If we are computing the Ahargana 
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for, say, the pratipat of phalguna, we automatically 
take that the elapsed true tithis from the beginning of 
the luni-Solar year is 11 X 30 = 330 tithis. But it may 
so happen that had we taken only the number of mean 
tithis elapsed, either 2*29 tithis or 331 tithis might have 
elapsed and not 330 as construed which therefore works 
an error amounting to unity in the Abargana arrived at. 
At the same time the error does not exceed unity, for, 
during the course of every lunation, the longer tithis are 
almoBt compensated by tithis of shorter duration in the 
same lunation. The variance in the length of a tithi being 
wrought by the variable motion of the Moon, which jagain 
depends on the distance of the Moon from his apogee, is 
rounded off in every lunation, as the Moon completes a 
circle with respect to the apogee in what is called an 
anomalistic month. 

Thus it is that the Ahargana is to be rectified on the 

basis of the week day. When this is done and the 

Ahargana happens to be increased or decreased by unity, 

automatically it goes without saying, that the tithis are also 

increased or decreased by one. In this context there is a 

still more deeper significance as detailed below. The 

Adhimasas are computed from the following formula viz. 

A X a F 

^ = I + -g x 30 (1) where A = Ahargana, a = adhi- 

masas in a Kalpa, S = solar days in a Kalpa, I = Integral 

F 

quotient obtained by division and g X 30 the Adhimasa- 
SeBha-tithis. If now A is to be increased or deoreased by 1 
(A^O? . £ * i_ I + | X 30 - a/S from (1) = I + 

^ X ^ — - ; henoe the adhirnasa-sesha namely F X 30 is 
inoreased or deoreased by a ie the number or adhimasas. 



Similarly the Avama-Sesba or the Kshay5ba-Sesha is 
to be inoreased or decreased by the Kshayahas in a Kalpa. 
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The particular mention of the increase or decrease in the 
Adhimasa-Sesha or the Avama-Sesha is necessitated m the 
context of computing the positions of the Sun or Moon, 
given the Adhimasa Sesha and Avama-Sesha as mentioned 
under verses 6, 7 in the section of grahanayanS. 

Verse 2. Pertaining to the smaller Ahargana compu- 
ted from the beginning of the current Solar year, called 
Laghu-Ahargana. 

In the case of computing the Ahargana from the 
beginning of the Solar year also, when the Ahargana is to 
be increased or decreased by unity, the tithis are to be 
increased or decreased by unity. The Avama- Sesha .here 
is to be increased or decreased not by the Kshayahas of 
the Kalpa but only by unity because we have used the 
formula & of tithis to get the Kshayahas. If, an Adhika- 
masa happens to occur during the course of the current 
year, the tithis, 30 in number of this Adhikamasa must be 
also taken into account to obtain the Ahargana. 

Comm. Easy. 

Verse 3, 4. The Ahargana is to be computed (larger 
Ahargana) after taking into account an Adhimasa which 
has conspicuously ocoured but which is not obtained by 
computation or by rejecting an Adhikamasa winch has 
not occured but which is obtained by calculation. The 
Adhimasa-Sesha is to be increased or decreased by the 
Adbimasas of the Kalpa; the elapsed months from the 
beginning of the luni-Solar year are to be increased or 
decreased by unity and then the positions of the Sun and 
the Moon are to be computed from such an Adhimasa-Sesha 
and such an Avama-Sesha. 

Comm. Already explained. 

Verse 6. A point to be noted with respect bo the 
Suddhi, 
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In. the Tjaseyjf obtaining the Sfaddhi, if m Adhikamasa, 
^hioh did i^ot actually occur, , is obtained by calculation, 
then the Sfuddhi is to be inoreased by 30, ao that the 
Ahargana is not affected by the un-ooouring Adhikamasa. 

Comm. The computation of the Adhikamasas or inter- 
calary months proceeds under the consideration of mean 
lengths. So, it is likely that ah Adhikamasa may occur 
un- warranted by calculation or may not occur in spite of 
its being shown by calculation. Further, an Adhikamasa 
may be delayed in ooourenoe by the fact that though the 
luni-Solar reckoning has gained over the solar by one 
mean lunation, the lunation at that point may still con- 
tain a Samkranti, the preceding particular lunar month 
being smaller in length than the mean. Thus the conven- 
tion made with respect to the occurence of an adhikamasa, 
namely that the lunation which does not carry a Samkranti 
is to be construed as an adhikamasa, may also delay the 
occurence of the Adhikamasa, though shown in calculation. 
Similarly an Adhikamasa may be preponed though nob 
warranted by computation by the same logic. 

Verse 6. The criteria of an Adhikamasa and a 
Kshayamasa. 

A lunation which does not carry a Samkranti is an 
Adhikamasa; whereas a lunation which carries two; Sam- 
■ krantis is to be taken as a Kshayamasa. The Kshaya- 
masa, occurs only in the course of the three luuar 
months named Kartioa, Margaslrsba and pausha and 
not during any other lunar month ; when a Kshayamasa 
occurs, then during the oourse of that year there will be 
two Adhikamasas ocouring on either side of the Kshaya- 
masa. 

Comm. The., institution of intercalation has been 
, explained to some extent under verse 10 of the Bhaganadh* 
, yaja. We shall see some more particulars of intercalation. 

10 
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: 1. Bhaskara has given thai 1593300000 Adhika- 
iltsts occur in a Kalpa of 4*20000000 Solar years, whiob 
mtans that 15933 AdhikamSsSs occur in 43206 Solar years 
ie. 6311 Adhikama&as in 14400 solar months. Converting 

14100 . . a t . , 11 

into a continued fraction, we have 2 -f jlf 2+ 

1 1 1 1 1 1 1 mi 

gljZ 6~fT Jip JujT 7^1 3+ 2 * ™ ne su o ce88l ve oonvergents are 

2 % 8 19 122 141 

V f 1 Q T* ty5 ' "oT* 119 8ee *nese oonvergents 

19 

signify, (a) The convergent y means that on an average 

there are 7 AdhikamlsSs per 19 years. This ratio was 
adopted in the Romaka Siddhanta of Panchasiddhantika. 
It means that 19 X 12 = 228 Solar months are equal 
to 235 lunations. The Metonic cycle described in 
modern astronomy is ta3ed upon this equivalence. The 
recurrence of Moon's phases in 19 years ie correspondence 
of the Moon's phases or tithis with the dates of the 
English year and Me ton's formula are based on this 
equivalence. Recurrence of phase means recurrence of the 
relative positions of the Sun and the Moon, which 
again means recurrence of the S'uddhi, for S'uddhi is no 
other than the interval between the New Moon and 
SamkrSnti. In the next verse Bhaskara says that a 
EshayamSLsa reours after a lapse of either 19 years or 122 
years or 141 years. The numerators of the last three 
oonvergents are 19, 122 and 141 which are the numbers of 
Solar years that effect recurrence of the same S'uddhi and 
as is going to be mentioned shortly a S'uddhi of 21 tithis 
is likely to bring in a Kshayamas*. Hence a KshayamSsa 
recurs either in 19 years or 121 years or 141 years. 

2. Mention of the occurence of a KshayamSsa was 
made by S'ripati first and not by the preceding astro- 
nomers. However, mention of it is there in the Vedio 
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literature and it is not clear whether observance of this 
KshayamSsa was defunct for some centuries in between. 

3. We shall now proceed to see how there occur two 
Adhikamasas on either side of a Ksbayamasa. A simple 
argument is as follows. The convergent^ cited above 

19 122 141 
namely ip or or -gj- signify that either 7 or 45 or 62 

Adhikamasas are to occur in the course of 19 or 122 or 141 
Solar years normally. But when the S' add hi happens to 
be 21 days at the beginning of the Solar year, it so happens 
that the S'uddhi goes on increasing for the first five 
months because the Sun is in his apogee when his 
longitude is 78°, and his motion being slow for three 
months when he is on either side of his apogee, the 
Moon gains over him in shorter intervals of time and as 
a consequence the lunations are of shorter duration. This 
means tbati the S'uddhi goes on increasing during those 
months and rapidly increases from its value 21 at the 
beginning to 30 by about Bhadrapada month. Under 
these oireimutauces, a Satnkramana occurs gsnerally just 
before the beginning of Bhadrapada. The next Satnkra- 
mana happens just a little after the lapse of Bhadrapada, 
so that the month of Bhadrapada goes without a Simkra- 
mana and as a consequence, it becomss an Adhikamua. 
Thus far it is alright that an Adhikamasa has occured 
as per the meaning of the oonvergents. But when the 
Bhadrapada thus becomes an Adhikamasa, the subsequent 
months from Kartica to Margasira, being of longer duration 
than the corresponding Solar months, the San having a 
quicker motion on either side of his perigee, there is every 
likelihood of a Solar month being contained between two 
conjunctions or New Moon days. In other words two 
Samkramagas ocour either in Kartica or Margasira or 
Pausha. This means that as per the convention; for the 
occurence of a Khayamasa, ;one of the aforesaid lunations 
must become a Kshayamasa. Thus the Adhikamasa which 
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is due to occur during the course of the year, though it 
has occured has been lost. So> to make amends, another 
Adhikamasa is to occur as is warranted by the convergents 
sOited above. It might be. asked what if two Adhikamasas 
occur and why aKshayamasa be instituted at all. The 
reason is not that a religious convention warrants it 
but because the wedding of the luni- Solar year to the 
Solar year has to be made on a particular principle. Nor- 
mally, sp long as a Samkramana goes on occuring during 
the course of a lunation, the two systems of reckoning 
may be seen to be running parallel. But if a particular lunar 
month does not contain* a Samkramana it is to be taken 
as a warning that the luni-Solar reckoning has overtaken 
the Solar by one lunation. This lunar month has to be 
curtailed to make the two kinds of reckoning to proceed 
side by side. This convention naturally raised the ques- 
tion as to how to deal with a lunation which contains two 
Samkrantis. The Solar month their has to be deleted to 
make the two systems run concurrently. This deletion of 
a Solar month is achieved not by declaring 'the particular 
Solar month as an Adhikamasa but what is virtually the 
same two lunar months are deemed to lapse during the 
course of that solar month. This kind convention helped 
the occurrence of one Adhikamasa alone as scheduled be- 
cause one of the two Adhikamasas has been nullified by 
the convention of a Kshayamasa. 

Why the proposition that a KshayamSsa generally 
occurs when the S'uddhi at the beginning of the Solar year 
happens to be 21 tithis is quite evident because in such a 
case generally Bhadrapada becomes an Adhikamasa, which 
again entails the occurence of two Samkramanas during the 
course of one of the three lunations beginning with 
Kartica^ which happen to be longer than the corresponding 
Solar months. In other words a Kshayamasa is expected 
to occur only when Bhadrapada happens to be an Adhika- 
r masa f and this in turns happens only when the S'uddhi 
- happens to be 21 at the beginning of the Solar year. Adhi* 



kamasas do occur whew the £7uddhi happens toCbeiritore 
than 21, but in this case one of the months prior to Bhadra- 
pada happens to be an Adhikamasa and then by the time 
Eartica is reached, the Samkramana occurs not at the 
beginning of Kartica but a little later, which means that a 
second Samkramana could not occur before the lapse; of 
that lunation. This therefore will not be a Kshaya month. 

The S'uddhi which is defined as the number of tithis in 
between a New-Moon and a Samkramana, is clearly the in- 
terval which has been gained by the luni-Solar system over 
the Solar. This S'uddhi increases at the average rate of 
11 days, 3 ghatis, 52 palas and 30 Vipalas per an year as 
we have seen already. For the occurrence of an Adnika- 
masa during the course of an year the S'uddhi at the begin- 
ning of the year must be such that it accrues to a lunation 
during the course of the year. The apogee of the Sua being 
almost stationary having a very slow motion the lengths. of 
the Solar months do not vary appreciably for a good number 
of years. Taking that the Sun's apogee is roughly at 80* 
longitude (78° according to Hindu Astronomy) the Sun's 
motion is less than his average from the moment when he 
has 350° longitude upto the moment when he has 170°, so 
that the Moon gains rapidly over him during this period; 
In other words the lunations during this period are of 
shorter duration i.e. the luni-Solar months of chaitra upto 
Sravana will be shorter in length so that S'uddhi increases 
rapidly from March upto August. Thereafter it will attain 
a stationary value just for a little time and then decreases 
for the next six months upto February. The increase, 
however, far exceeds the decrease and the balanoe of in- 
crease per year is as mentioned above is 11-3-52-30. 

Bhaskara mentions in the course of the commentary 
that (1) the average length of a lunation is 29 days, 3-1 
ghatis and 60 palas ; (2) the average length of a Solar 
month is 30^-26-17 (3) when the daily motion of the- Son 
happens to be 61', then the Solar month will have a length 
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o< 29-30 and as aaoh falte short of a lunation and (4) that 
the minimum length of a Solar month is 29-20-40 only. 
Then he gives a general and broad explanation as to how a 
Kshayamasa occurs on the following lineB. Let us call NS 
a? the interval between a New Moon and the subsequent 
Samkranti. In other words it is the Sfaddhi. Suppose 
Bhadrapada goes without__a Samkranti thu.3 becoming an 
Adhikamasa. Then in Aswayuja NS will have a small 
value, because the Samkranti S which should have oooured 
at the general rate of one per a lunation, has not oooured 
before the lapse of Bhadrapada and being belated a little 
must have occured close on the heels of the New Moon of 
Bhadrapada. Let this interval NS have a particular value 
say x. Thereafter the Solar months grow gradually smaller 
i.e. the Samkrantis occur earlier; so in Kartioa the value 
of NS deoreases. It might decrease to suoh an extent that 
the next Samkranti might occur before the next New Moon. 
Suppose this does not happen in Kartica ; then in Marga- 
sira the value of this NS is still smaller and there is a 
greater likelihood of another Samkranti occuring during this 
Margasira. Then the value of NS being the smallest in 
the month of Pausha, another Samkranti is bound to take 
place during this month at the latest. In other words S 
now oocurs before the next N i.e. the Samkranti occurs just 
a little before the next New Moon. Let now this SN be a 
small quantity say y; or what is the same the next NS or 
the S'uddhi will be nearly a lunation. Thsre after the 
Solar months begin to gain in length i.e. S occurs later and 
later. This means NS gains in length. Being nearly of 
a length equal to a lunation, and now gradually increasing 
it is bound to exceed a lunation shortly thereafter. This 
again means that S occurs later than the next New Moon, 
which is to say that one more lunation goes without a 
Samkranti. Thus it is that another Adhikamasa occurs 
shortly after the occurence of a Kshayamisa. Hence in 
the course of one year there occur two Adhikamaaas and 
pne Kshayamasa which means again that the balance of an 
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Adhikamasa is there in that year. In Other words, Ihe 
occurence of a Kshayamasa daring the course of an year 
as per a stipulated convention does not preclude the average 
occurence of an Adhikamasa which is normally due after 
an average lapse of 32} Solar months. That the occurence 
of a Kshayamasa entails the occurrence of two Adhikamasas 
on either side may be also seen in another way. Twelve 
lunations put together have a length of 354| days approxi- 
mately during the course of which only eleven Samkrantis 
could occur in case the initial S'uidhi is 21 days, for, sub- 
tracting this 21 from 354|, there remain 333} days only 
which could contain only ten Solar months and not eleven. 
Ten Solar months are contained if there be only eleven 
Samkrantis. Oat of these eleven, two are consumed in a 
single lunation which happens to be a Kshayamaea, Hence 
the remaining eleven lunations have to contain only nine 
Samkrantis which means that two lunations have to go 
without Samkrantis. In other words there are to be two 
Adhikamasas during that year. Further both these Adhi- 
kamasas could not occur on one side of the Kshayamasa 
for the following reason. Since a Kshayamasa could occur 
only during the course of Kartica or Margasirsha or 
Pansha which alone are longer than the corresponding solar 
months, in the event of both the Adhikamasas taking their 
place on one side of these months, they are to take place in 
nine lunations which are on one side of the three months 
beginning with Kartioa. This means that only seven 
Samkrantis are to occur during the course of 9 X 29} days 
= 265} days. Even seven Solar months fall short of this 
period so that it is impossible that only seven Samkrantis 
should occur in this period. Hence, the two Adhikamasas 
which are to occur during the year containing a Kahaya- 
masa have to take their place on either side of the Kshaya- 
masa. 

Bhaakara mentions that when the daily motion of the 
Sun equals 61', the length of the Solar month will be *|f* 
29-30 approximately. He also states that the "^ mi mum 
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iengjh of a Solar month will be 29-20-40. This will be so 
when the average daily motion during the course of a 
month is 61-20-30. : : : 

Verse 7. A mention of the years past and future that 
had and will have Kshayamasas. 

A Kshayamasa occured in the Saka year 974 and will 
occur in the years 1115, 1256, 1378. : Thus generally it 
occurs once in 141 years or even 19 years. 

Comm. * We have seen before that according to the 
convergents given above a Kshayamasa generally occurs in 
19 years or 122 years or 141 years. In the course of the 
commentary Bhaskara says "19 years before or after" so that 
141'— 19 ==122 years was also meant by him. He gives how 
in the course of ]41 years or 19 years the Sfaddhi at the be- 
ginning of the year happens to be approximately 21 days. 
In this, behalf, he invokes his formulation of the Adhika- 
masas in the verse 6 under Pratyabdasfuddhi. As per that 
formula the number of Adhikamasas in 19 years will be 
7-13-37-30 taken by Bhaskara as 7-13-40. In other words 
the S'uddhi increases by 13 ghatis and 33 palas from what 
it was 19 years ago; thus practically the value of the 
S'uddhi recurs in periods of 19 years which means that if a 
Kshayamasa occurred this year, there is a likelihood of its 
recurrence after nineteen years. Of course the recurrence 
would not be certain because there is an excess of 13 ghatis 
S'uddhi which might preclude its occurrence. Similarly in 
122 years and 141 years the numbers of Adhikamasas would 
be respectively 45 minus 7-15 ghatis and 52 plus 6 ghatis. 
22 palas and 30 Vipalas, the latter being taken by Bhaskara 
to be 52 Adhikamasas plus 6 ghatis and 20 palas. Thus 
Kshayamasas are more and still more likely to recur in 
intervals of 122 years and 141 years respectively, the 
Suddhis at the beginning of the year almost recurring and 
^assuming the original value of 21 days for. a Kshayamasa 
Jo. occur. 
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Bhaskara adds that a Kshayamasa oooured in 974 Sfeka 
i e 62 years before his birth whioh knowledge he most havi 
derived from hearsay or even by calculation. He then 
predicted its reourrenoe in the Saka years 1115, 1256 and 
1378 whioh were at intervals of 141 years, 141 years and 
122 years respectively. In the year 974 Saka i.e. 4153 
Kali year, applying the above formula Dwidhabdah the 
number of Adhikamasas elapsed from the beginning of the 
Kali were 1531-21-12-52-30 i.e. the Suddhi at the begin- 
ning of that year was 21-12-52-30. This naturally entailed 
the occurence of a Kshayamasa. Thereafter during the 
years 1115, 1256 and 1378, the Suddhis in the beginning of 
the years should be as per the above analysis 21-12-52-30 
plus 68-22-30 i.e. 21-19-15; 21-25-37-30 and 21-26-37-30 
and 21-18-23 respectively so that Bhaskara could forecast 
the occurrence of the Kshayamasas in those years also. In 
this context it is worth-noting that Ganesta notified in a 
verse that Kshayamasas would recur in the years 1462, 
1603, 1744, 1885, 2167, 2232, 2373, 2392, 2524, 2533, 2655, 
2674, 2796, 2815 according to Sarya Siddhanta and accord- 
ing to Aryabhtiya during the years 1482, 1793, 1904, 2129, 
2186, 2251. These years also may be verified by computing 
the Suddhis a3 said before and also with respect to Arya- 
bhatiya according to whioh the number of Adhimasas 
during a yuga differs by a little and as such effects a differ- 
ence in the sequence of the Kshayamasa years. 

Verse 8. Tell me, how, when and in the course of 
how many years do two Adhikamasas occur as mentioned 
bytheRishis? Questioned accordingly by an expert in 
questioning, if a mathematician could know the answer, I 
would reokon him as no other than Bhaskara (either the 
Sun-god or he himself i.e. Bhaskaraoharya) who could make 
the lotus-buds of mathematicians blossom. 

Comm. Probably taking up this challenge alone 
Ganetfa answered tha question and gave the years cited 
above whioh should brin? in a reourrenoe of Kshayamasas. 

11 
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N.g. If does not suffice merely to compute the S'uddhis 
alo/ne in the beginning of the years but a rigorous compu- 
tation necessitates the calculation of the momenta of New 
Moons and Samkrantis also during the particular years as 
well, in as much as, the motion of the Moon also comes in- 
to the picture and it differs from month to month on 
account of the rapid motion of his apogee. 



Here ends the section named Adhimasadi-nirnaya. 



THE SECTION BHO-PARIDHI-MANSDIKA- 
CIRCUMFERENCE OF THE EARTH 



Verse 1. The circumference of the earth's globe is 
4967 yojanas; its diameter 1581. A yojana is equal to 

j where is the difference in the latitudes of two 

places on the same terrestrial meridian in degrees, the 
circumference of the earth's globe given above and d the 
distance between the two plices. 

Comm. The second half of the verse gives the method 
of computing the circumference of the earth's globe, which 
is mathematically oorreofc; for, by the rule of three "If by 
a difference of 90° in latitude we have | 0, what shall we 

have for 1° difference in latitude? The answer is -7- 

Again " If by distance of d between two places on the same 
meridian, we have a difference of g<^° in latitude, what 
shall we have for 1° difference in latitude ? * The answer 

is A. # Both the answers mu3t be the same; so equating 

C d 

them, we have — ±- = jt-t = number of yojanas = x 
360 d6 

„ x d G d X 330 

say. Hence one "yojana = i = §3 - 360 ~ OXU 

N,B. Here it must be noted that a yojana's length is 
derived from the number of yojanas contained in the 
circumference as reported in the Agama. 

In the course of the commentary under this verse, 
Bhaskara explains why he had recourse to this kind of 
definition, which is based upon agama and as such does 
not contain a proof. He saya that in as much as the defi- 
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nition of a yojana was given basing ultimately on the units 
of Angulas and yavas (grains of paddy) differently by differ- 
ent authorities, and in as much as the oiroumferenoe of 
the earth's globe was more or less unanimously accepted, 
he has chosen to define a yojana on the accepted measure 
of the circumference. In some other place Bhaskara says 
that a yojana is equal to 4 Kro3a8, where the word Krosa 
etymologioally means that distance through which the 
topmost voice of a healthy person could be heard by 
another healthy person having good audition. 

In this context it may be recalled how S'ripati defined 
a yojana under verses 69, 70 Madhyamadhyaya of his Sid- 
dhanta S'ekhara. " The minute speck of dust that is seen 
flying in the light of the Sun's rays entering a house 
through the windows, is called a paramanu (not an atom as 
is being translated now). Eight such paramanus equal 
one Renu. Eight Renus equal the breadth of the end of a 
hair known as Yalagra or Kaocha-mukha or yuka. Eight 
Valagras equal one Liksha; Eight Likshas equal one Yava; 
eight Yavas equal one Angula; twelve Angulas make what is 
called a Yitasti (i.e. the expanded length of a palm of the 
tallest person). Two Yitastis equal one Hast a. Four has* 
tas make one Chapa. Two thousand Chapas make one 
Krosfa and four KroVas are reported to be equal to a yojana 
by Astronomers " 

Verse 2. Rectification of the circumference .ie. find- 
ing the length of the oircumferenoe of the earth parallel to 
the terrestrial equator and passing through the locality in 
question. Also the definition of the primary meridian. 

The equatorial ciroumferenoe of the earth multiplied 
by cos & and divided by R or multiplied by 12 and divided 
by the hypotenuse of the right angled triangle formed by 
the gnomon and the equinoctial midday shadow thereof. 
(Hereafter called equinoctial hypotenuse) gives the circum- 
ference of the earth parallel to the equator and passing 



m 

through the locality (hereafter called the rectified circum- 
ference). Also the primary terrestrial meridian is that 
longitudinal line passing through the places (1) Lanka (2) 
Ujjain (3) Kurukshetra and (4) the north pole. 
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Fig. 4 

Comm. (Ref. fig. 4) Let ABO be the terrestrial Equa- 
tor and QST be a circle parallel to this terrestrial equator 
and passing through the locality S. This QST is called the 
rectified circumference of the earth at the plaoe S. The 
terrestrial equator is defined as follows. It is known that 
the earth rotates about herself about the axis Pj P a where 
P,P a is called the polar axis or Dhruvayashti. In other 
words the entire heavens appear to revolve round the earth 
in such a way that any star will appear to be revolving in 
a circle called its diurnal circle which is parallel to the 
circle ABO. The points P x and P, are called the north and 
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south pole respectively. These two points evidently do 
not move, though the earth i3 herself rotating in the 
clockwise direction. If O be the centre of the earth, OP 1 
produced meets the skies at a point called the north celes- 
tial pole and OP 3 produced meets the skies in the point 
called the south pole. It so happens that the "north celes- 
tial pole is very near a star which is called the pole star. 
This star is known as the Dhruva-Tara in as much as it does 
not appear to move at all while all the heavens (i.e. all the 
stars of the sky) appear to be revolving round the earth 
rising and setting as seen at any place. (The word Dhruva 
means fixed). Aryabbatacharya mentioned in so many 
words tbat it is the earth that really rotates and so the 
stars which are themselves fixed appear to be going round 
the earth in circles parallel to the circle ABO. STgsftRnfer: 

55imm.ll (Explained under verse 7 Bhaganadhyaya). The 
'celestial Equator is the great circle which is the circle 
of intersection of a plane perpendicular to the polar axis 
and passing through the earth's centre with the celestial 
sphere (celestial sphere is the sphere-like surface which shape 
the Sky takes and on which the stars and the planets appear 
to be studded.) Similarly the terrestrial equator ABO is 
the circle of intersection of the earth's globe with the same 
plane. Thus the terrestrial and the celestial equators are 
concentric coplanar circles with the earth's centre as the 
common centre. A great circle of a sphere is a circle whose 
plane passes through ita centre. Thus ABO is a great circle 
on the earth's surface, because its plane passes through the 
earth's centre. Similarly the celestial equator is a great 
circle of the skies. The circle QST is called a small circle, 
just as the diurnal circle traced by any Btar in its diurnal 
rotation is also a small circle parallel to the celestial equa- 
tor. Thus small circles, an infinity of them can be drawn 
parallel to the terrestrial equator ABO and they will be in 
decreasing dimension as we proceed towards the pole. 
Hence the Sphutaparidhi or the rectified circumference 
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QST at the locality S ia a small circle wboaa circumference 
is smaller than that of ABC. The problem is now to find 

the length of this circle QST. Evidently = 2 77 r 

J ABC 2?vR 

= ^ where r and R are respectively the radii of the two 
oircles. But ~ = Cos(£ from the triangle OSO', where 

O'jSO = SOA = latitude of the place S. .*. QST = 
ABC X Cos<£ = J<_HCosJ j where H CoS(j> . a 

the Hindu cosine of known as lambajya and stands for 
OS x = O'iS = r. This lambajya is also called Dyujya if 
the small circle is the diurnal circle of a Star. The diurnal 
circle of a Star is called Dyujya- Vritta and its radius is 
called Dyujya-Equation I proves the first statement of the 




Fig. 5 

verse. In fig. 6 Gn N is called the fundamental gnomonic 
triangle where Gn is the vertical gnomon pointing to the 
Zenith Z of the celestial sphere and is considered to be of 
12 units (Angulas as they are called), GN the midday- 
shadow of the gnomon oast on an equinoctial day when the 
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Sun is at the point Q where Q is the point of intersection 
of the oelestial equator with the meridian of. the place. If 
the equinoctial Bhadow be denoted by ' s ' and the hypo- 
tenuse of the triangle nGN namely nN be denoted by K 
(called the Vishuvatkar$a or the equinoctial hypotenuse) 

then g - Sin and = Cos<£. If H Sin be the 
Hindu sine of & called the Akshajya H Sin ^ = B Sin <& 

so that -* = H ' Sin & and I? = &C°*6 « Lambajya 
K R KB Trijya ' 

Substituting for H C ° 8 & the value ~ in equation I 
above, we have 

QST = Sphuta - paridbi = gha^paridhi xja n 

K 

whioh proves the second statement given in the verse, 

Begarding the third statement, which defines the Bhu- 
Madhya-Bekha (In modern text books of geography the 
terrestrial equator is spoken of as the Bbu- Madhya-Bekba. 
The terrestrial equator is called Niraksha-Bekha in Hindu 
Astronomy which means the circle of Zero-latitude), it is 
the primary meridian taken by Hindu Astronomers, In 
modern astronomy the primary meriodian is taken as the 
Greenwich meridian. Bhaskara has given four places locat- 
ed on the Hindu primary meridian, but, SVipati gives many 
more places located on this primary meridian under verse 
96 Madhyamadhyaya namely (1) Lanka (2) Kanyakumari 
(3) Eanohl (4) Pannata (5) the six-faoed white mountain 
(6) Sri-Valma-gulmam (7) Mahishmati (8) Ujjain (9) An 
Ssrama (10) Pattasiva, a town (11) Sri Gargarana (12) 
Sthanvlswara known also as purohita (13) Sfrtagiri and (14) 
Suxneru. Some of these places cannot be properly identi- 
fied but the following remarks may be made (a) Pannata is 
one of the fifty-six small countries into which India was 
divided in ancient times according to the puranic literature 
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(b) It is not clear what places are indioated by (5) an#£(6): 
cited above (c) In some works Mshishmatl and Ujjain are 
used synonymously. (8) is nob clear. Begarding (9) there 
is one pattas'iva near Rajahmuadry but S'ri pati does not 
seem to have meant it. Again (10) is not clear, Eegard- 
ing (11) it is to be noted that the place is now pronounced 
(probably mis-pronounced) as Sthanes'wara. If (12) means 
the Himalaya mountain, there is not much meaning to say 
that it lies on the primary meridian; only a cross-section 
of it could lie there upon. The entire mountain extends 
from west to Hast over more than a thousand miles. 

Verse 3. To find the correction known a3 Desfantara. 

The distance between two places on the same latitude 
multiplied by the daily motion of a planet and divided by 
the rectified circumference is a correction subtraotive in 
the east and additive in the west of the primary meridian 
in the planetary position obtained. 

Comm. In Hindu Astronomy the mean planetary 
positions are first calculated for the Sua-rise at* the primary 
meridian. Now suppose a place lies to the east of this mari- 
dian. Then the Sun-rise at the place happens to "occur 
earlier than on the primary meridian. Hdnoe the correc- 
tion in the mean oomputed position of the planet is nega- 
tive if the position were to be oiloulatad for the local Sun- 
rise, If the place happens to ba on the western side of the 
primary meridian the reverse holds good i.e. the correction 
is to be additive. The amount of the correction is the 
amount of the motion of the plauet in between the two 
Sun-rises. Let the planet move an arc equal to §m per day 
i.e. it moves §m when the earth rotates once about her 
axis. The time between the two Sun-rises above is the 
time by which the local meridian is carried through the 
distance between the looalifcy and the primary meridian's 
point of inter-section with the latitudinal line or what 
is the same through the arc of the rectified ciroumfer- 

12 
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enoe of the earth pertaining to the locality. If d be thi* 
distance then the rule of three to ba used is **If the 
length of the rectified circumference viz. G rotates by the 
time the planet moves a distance gm, what is the arc 
traversed through by the planet if an arc 'd' of rotates 

through ? " The answer is d Y ^ m which is the cor- 
rection required. 

Verses 4, 5, 6. The Correction Desfantara expressed 
in time. 

The eclipse of the Moon occurs at a place situated on 
the east of the primary meridian later than on the primary 
meridian and vice versa. The time in batween the two 
moments is the Desfantara expressed in time. The distance 
of Des^ntara ie. the distance of the locality from the pri- 
mary meridian measured along a parallel to the terrestrial 
equator or Niraksha Rekha is obtained by multiplying the 
rectified circumference by the Deafantara measured as above 
in ghatis and dividing by 60. Also the above tima in 
ghatis multiplied by the planets' daily motion aad divided 
bv 60, gives the correction in arc in the computed mean 
planetary motion. 

Further the week-day begins after or before the local 
Sun-rise by that Des»antara expressed in time aooordmg as 
the locality is on the east or west of the primary meridian. 
Also the week-day begins after or before she local Sunrise 
by the ghatis of the correction known as chara according 
as the Sun is in the northern or Southern hemisphere. 

Comm. An eclipse is first computed for the primary 
meridian. If an observer wants to know whether he lies 
east or west of the primary meridian and to know the 
BetSntara correction in time, the following procedure is to 
be adopted. Let a lunar eclipse begin x gbatis after the 
Sun-rise of the primary meridian, Let the observer note 
the time y ghatis which have elapsed after Sun-rise at bis 
own ptaoe when the eclipse begins. Since a lunar eclipse 
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begins simultaneously for any plaoe of the earth, if y > x, 
then he should know that he lies on the east of the primary 
meridian beoause his Sun-rise happens to be earlier than 
the Sun-rise on the primary meridian. Also the difference 
y— -x gives the Destentara correotion in time for his plaoe. 
The converse is the case if he happens to lie on the western 
side of the primary meridian. The time at whioh the 
eclipse takes place on the primary meridian after the Sun- 
rise there which is obtained by oDmputation is called Drik- 
grahana - Kala ; whereas the local time after Sun-rise 
observed by the observer is called pragrahana-Kala. Their 
difference is therefore the Dt&antara correction in time. 

T X 

If the Des'antara is to be got in yojanas, ^ is the 

answer, where T=y — x and is the rectified circumference 
of the earth, for, if a difference of 60 gharis be there for C 
yojanas, what should be the distance in yojanas in order 
that the difference is T"? The answer is as given above. 

Hence to obtain the positions of the San and the 
Moon at the beginning of the eolipse at the looality we 

have to add or subsract as the case may be where 

oU 

£m is the daily motion of the Sun or the Moon, and T is 
y— x cited above, for, " If in 60 ghatis the motion be ^m, 
what would it be in T ? " is the rule of three for whioh the 
answer is as stated above. 

Now the question is when the week-day bagins for the 
locality. It must be noted oleariy, that in Hindu Astro- 
nomy the moment of Sun-rise at the primary meridian 
alone is to be reckoned as the beginning of the week-day 
universally. This convention is adopted for convenience. 
Thus the astronomical week day for any locality does not 
begin from the Sun-rise of the locality, but may begin 
earlier or later. This difference is given by y — x cited 
above. 
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< There is yet another subtlety in the commencement 
of the week-day, arising oat of the latitude of the place. 
The former analysis pertains to the longitudinal difference. 
The difference arising out of latitude between the local 
Sun-rise and the Lanka-Sun-rise is given by what is called 
Chara-Kala. Since the week-day begins at Lanka Sun-rise 
and the local Sun-rise differs from the Lanka Sun- rise nofc 
merely by a longitudinal difference bub also by a latitudi- 
nal difference, to compute the actual beginning of the 
week-day before or after the local Sun-rise, we have to take 
into account both the differences cited above. In other 
words, computing the local Sun-rise and also the Lauka 
Sun-rise, we have to decide the beginning of the week day 
before or after the local Sun-rise. 

Verses 7,8. The correction called Bljakarma for the 
planetary positions. 

The number of years from the beginning of the Kalpa 
divided by l'^OOO, the remainder, or the difference of the 
divisor and the remainder whichever is less is to be divided 
by 200. The quotient in minutes of aro, multiplied by 
3, 5, 5, 15, 2 respectively is a negative oorreotion in the 
positions of the Sun, Moon, Jupiter, Venus, and the lunar 
apogee and multiplied by 1, 52, 2 and 4 gives the positive 
ccrreotion in the positions of Mars, Mercury, the lunar 
Node and the Saturn respectively. 

Comm. By the phrase 4 The remainder or the diffe- 
rence of the remainder and the divisor ', it is plain that the 
corrections positive or negative inorease for 6000 years and 
decrease for the next 6000 years. Bhaskara gives no reason 
for these corrections, but, we have to construa these correc- 
tions on the followfng rational grounds. Bhaakara, 
however, says that the corrections were accepted by him on 
the basis of Agama. This Agama —stipulation was t'here 
in Brahma-Sphuba-Siddhanta and wa9 later incorporated 
by Sfripati also in his Siddhanta-Stekhara and as such was 
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aooepted by Bhaskara also.- However, in Brahma Sphufca 
Siddhauta' both aa first published as an edition of M. M. 
Sudhakara Dwivedi and later by the late. Ramaswarupa 
Stoma in 1966 k the verses 69,- 60 of: MadhyamadhikSra 
suggest that the corrections are negative in the case of all 
the planets; whereas both S'ripati and Bhaskara mike them 
positive in the case of the latter fouc viz. M-trs, Mercury, 
the lunar Node and Saturn. By this we have to construe 
that S'ripati and Bhaskara mint have had before them a 
text which should have read ' ^ 1 in the place of ' ^ ' in the 
last pada of verae 61. M. M. Sudhakara-Dwivedi did not 
notice this anomaly of the po3itivenes3 of the correction 
with respect to the latter four, bat he remarked, however, 
that there was a pr03odial lapse in the last pada of verse 
61, for which he offered a suggestion that instead of %?, 
we had better read — This suggestion, no doubt, rec- 
tifies the prosody of the verae, but not the the anomaly 
cited above which was not notioed by M. M. Sudhakara 
Dwivedi. So, we have offered our own suggestion namely 
that in the place of ^ as mentioned above if we read 
we not only rectify the prosodial error bub also the anomaly 
referred to. Ramaswarupa S'arma noted the anomaly but 
did neither refer to the prosodial error nor ofEar a correc- 
tion. It seems that Ramaswarupa S'arma did not verify 
the corrections stipulated from the verses 91, 92, 93 of 
Madhjamadhyaya of Siddhanta S'ekhara, In this latter 
work, there is another anomaly namely that in the case of 
Mercury, the number 62 is the multiplier and not 52. 
Makkibhatta, the ancient commentator had before him a 
text which reai 62 in the plaie of 62, in all probability, a 
mistake of the soribe. M. M. Sudhakara Dwivedi is repor- 
ted to have later pronounced that 62 mut ba the correct 
figure when this was brought to his notice as this number 
62 wa3 found both in Brahmagupba and Bhaskara. As re- 
ported by the editor of Siddhauta S'ekhara Pandit Babuaji 
Mishra, who mentions this latter pronouncement of Sudha- 
kara Dffivedi his teaoher, also says that Sudhakara Dwi- 
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vedi suggested the reading fl&TC in the place of fer^ of 
terse 93 of Siddhanta S'ekbara. The fact that Makkibha'ta 
oommented fete^gSr as f^Fq^ipf shows that ha did 
not consult Brabmasphuta Siddhanta in this place; also, 
be must have had a manuscript before him whioh scribed 
f£TC in the place of Uaing 51 ST, indisoretely 

is not uncommon in many books of North India, from a 
long time and the scribe of the manuscript probably having 
ined SI in the place of 5? and then by an oversight a 
latter scribe having inverted 51* as Makkibhatta must 
have commented like that. 

Incidentally a remark may be m*de here about Makki- 
bhatta. He was evidently a keralite became he used lettsrs 
to signify numbers as was a common practice among the 
Kerala Astronomers, and as he also commented upon Bribad- 
Bhaskariya. Further, it is interesting to note that he 
wrote in his commentary under verse 39 of the Sadhana- 
dhyaya of Siddbanta S'ekbara viz. fl^t^iTf^cT^arr^t 

mspftfa ift*rfa mftw "» " H* 1 awgsft " etc". Thi s 
idea shows that he accepted Aryabhata's verse " sd^^tn qfa: 
etc " implying that the earth is rotating. 

Bhaskara says that the Bija correction mentioned was 
purely based on Agama and Upalabdhi (meaning authority 
and observation'). M. Sudhakara Dwivedi seems to 
have reiterated the same as reported by Babuaji Mishra, in 
a foot-note. Kamalakara, condemned this Bijakarma as 
it was unwarranted and had no proof. 

A rational explanation as to why this Bija- Karma was 
prescribed either by Brahmagupta himself or Borne autho- 
rity which he seems to have accepted may be given as 
follows. The small differences in the numbers of sidereal 
revolutions or what is the same the minute differences in 
the accepted daily motions of the planets and the assump- 
tion of a conjunction of all the planets and planetary 
points at the beginning of Kalpa, whioh is beyond proof, 
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resulted in ft difference between the computed planetary 
positions and their observed positions. So, the originator 
of this Bija-Samskara, noting the differences in his own 
time devised a formula, which could account for those 
differences. But this formulation was bound to go wrong in 
later times as long as the daily motions are not oorreoted 
to the minutest extent possible and as long as the funda- 
mental basis of the conjunction of all the planets and pla- 
netary points is not proved. This seems to be the reason 
why so may texts were written incorporating small diffe- 
rences in different time3 as reported by Ganesfa (1507 A.D.) 
in his work Brihat-Tithi-Ohintamani in the words " The 
calculations of planetary positions according to the 
methods indicated by Brahma, Vasishtha and Kasyapa 
Siddbantas held good in their own times, but grew obsolete 
later; Then Maya, the demon at the end of Krita obtained 
the science from the San God, which again grew obsolete 
in this Kaliyuga wherein parSs'ara began to hold the ground 
for a good length of time*. Then Aryabhata rectified the 
methods; when even those methods grew obsolete, Durga- 
Simha, Varaha Mihira and others set them right. Again 
Brahmagupta came into the picture to reofiify the methods 
by his own observations. Then Game Kgsfava (Ganes'a's 
father) who rectified further. After a lapse of sixty years, 
his son Ganes'a has now to correct the Science. If this 
also grows obsolete (as it is bound to) in course of time, let 
others again rectify it by observing conjunctions of the 
Moon and planets with the asterisms." 

Obsoleteness arises out of two contexts, one a justifi- 
able situation and the other based upon a wrong premise. 
The first is as follows. Suppose as a first approximation 
we take the length of an year as 365 days. We will have 
committed an error nearly £ of a day, so that the errof 
accures to a day in 4 years. Thus the convention of the 
leap year arose so that during four years we give a day 
more to February. Hare again we have overestimated the 
error by nearly 709th of a day. Henoejn 400 years tbfl 
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aboTO correction leads to an error of a. day. So, it is. 

that: we pronounced that out of the years 2QC0, 2100, 
2200, 2300 A.D., the year 2000 A.D. alone is a leap year 
and not the remaining, the convention being that the 
number of the century, here 20, must be also a multiple 
of four. On this hack-ground, suppose we prepare a 
manual called a Karaca grantha taking the length of the 
year to be 365 "25 days. It works alright for some time 
but in the course of 400 years the error will have reached 
to 8s much as one day. Thus a manual like the above 
works only for a phort time and the approximation made 
gradually brings in a divergence on account of which such 
a manual grows obsolete. That is why one Narasimha who 
happened to prepare a manual in 1333 Saka year (1411AD) 
opens his work with the words mfas^I ^aoftaf nfcssRT- 

;rc-fa!?Tg.3*T i&at ^tc^weni" i.e. "In as much 
as a manual named Tithi-Cakra prepared by one Millikar- 
juna Suri long ago, based upon the Suryasiddhanta has now 
diverged far from the Suryasiddhanba (on account of the 
approximations made transcending the limits of negligibi- 
lity) I, the son of one Singaja belonging to a place named 
Nau-puri (probably Vada-palle of the East Godavary Dt.) 
am rectifying it and bringing it to accord with the Sfirya 
SiddhSnta again." 

This kind of obsoleteness arising out of inevitable ap- 
proximations that have to be made in the preparation of 
manuals is permissible. But Suppose the premise of the 
manuals itself is incorrect, then the rectification of the 
manuals is no good so long as the data given in the pre- 
mise are not corrected. There are two fundamental 
delects in the ancient works according to a modern analysis 
namely (1) The Supposition, that all the planets were in 
conjunction at the Zero-point of the Zodiac in the beginn- 
ing of a Mahayuga {2) Small variations in the constants 
like the daily motion of the planets and the like. Accord- 
ing to the modern interpreters of Hindu Astronomy the 
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-first premise was not correct. According to them, soma 
latrdnomers having observed the daily motions of the pla- 
nets or what is the same the sidereal periods of the planet* 
to a snfiisieatly good approximation calculated b*ck or 
extrapolated a date on which these planet? should have 
been in conjunction at the Zero-point of the Zodiaa. The 
extra-polated date wa3 naturally wrong to soma extent be- 
cause the sidereal periods found could not bat be correct 
Only to a particular degree of approximation. Thus a little 
alteration in the number of sidereal revolutions alone or 
the number of days in a Mahayuga made to suit the obier- 
ved positions at a particular epoch wjuld be only a tinker- 
ing of the problem and not a true solution. Thus Hindu 
Astronomy could be saved and its methods could still ba 
followed provided instead of trying to presume a date at 
which all the planets wjre in conjunction (No doubt in the 
long bosom of tirna, such a presumption also could not be 
ruled out) correctly observed positions of tha planets by the 
help of modern instruments were taken as the basis of aa 
epoch and thereafter using more correct values of the 
constants such as the sidereal revolutions, maximum equa- 
tions of centre and maximum S'lghraphala, obliq lity of the 
ecliptio etc. The second defect cited above thus baing 
removed, aid the original premise being obanged, the 
methods of calculation still hold good and there would bi 
no necessity to be going on with tinkering3 of the problem; 

The Blja-correction whiah we are commenting upon 
wa3 rightly criticised by Kamilakara as irrational though he 
himself fanatically tried to uphold Surya Siddbinta. Even 
today there are a good number of the tralitional Hindu 
Astronomers who do hold that the Sarya Siddhiuta was 
revealed to Maya at the end of Kritayuga in spite of the 
fact that scholars like M. M. Sadhakara Dwivedi prono'utt- 
ced that it was an extra-polated work shortly aftar tha timi 
Of Brahma-G-uptacharja. It is interesting to note thaf 
Ehaskara, a very rational astronomer, had before bin! 
the verse "f*sic$c3)r wwf ta% ifkatzk" of tfce; 

X3 
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Snrya BiddhSnta (verse 9 oh. 3). . He did not give, it the 
interpretation that wa* later pub upon it through the 
.two subsequent lines «' a^t; fear etc , which lines were 
not there evidently in Bbaskara's time. Without these 
two latter lines the rate of precession was too small to be 
accepted by Bhaskara and so he chose to follow Munjala 
rather than the Surya Siddhanta. Oar Traditional astro- 
nomers today have no reservation to aocept the greatness 
of Bhaskara and worship him though they do not question 
what necessity Bhaskara had to write another treatise and 
tLat too basing it upon the Agama accepted by Brahma- 
gupta and not Surya Siddhanta, when there existed Surya 
Siddhanta before him and from which he had no objection 
to quote verses like ''^^^ in 5)f3t3 et c- (vewel 

oh. 2.) 

The Bija- correction first incorporated by Brabma- 
gupta and later followed by a good number of astroaomers 
because S'ripati and Bhaskara accepted it, will not be accep- 
table to modern astronomers, though it might have worked 
well at the time of Brahmagupta and for some years later. 
The reason is that it is construed only as a tinkering of the 
defect as explained before. 

It is also to be noted tbat the originator of this Bi]V. 
correction did not make it secular i.e. valid for all tune 
increasing without a limit, for, then, the respective 
corrections tranecend all limits and render the corrections 
meaningless. So, he said that the corrections would be 
increasing for 6C00 years and thereafter begin to decrease 
to noLhing. They were Zero at the beginning of the Kali 
because all the jugas are multiples of 12000 years. Also 
the maximum correction is in the case of Mercury 
x 52 =1560' =26°; Let us see how far this is justifi- 
able. The daily mean motion of Mercury as given by 
Bhaskara is 4° - 5' - 32" - 18" - 28" whereas as per modern 
astronomy it is 4° - 5' - 37£ ff approxly. So there is a posi- 
tive error of 6"f§ whiob will accrue to 18' - 35* "in the 
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course of 200 years. Bat as per the Blja-oorrection it 
should be 52'. Hence it is a fact that there is a positive 
error but not so much as indicated. But it must be noted 
that Mercury's orbit has the highest eccentricity of as 
much a* .2, and' the observer who stipulated the correction 
must have observed when Mjreury wa^ near~itT"perih©lion, 
where the error could have been as much as indicated and 
even more. Similarly on close analysis it could be proved 
that the Blji-correction should have been as indicated, 
say, roughly about 3303 Kali era, which might be roughly 
the date of its stipulation. 

Verses 9, 10. Concluding verses of the Madhyadhikara. 

If the work is mide more voluminous by describing 
various methods which are easy and interesting to un- 
intelligent people, learned men look down upon such a work 
as indulging in unnecessary verbosity. Hence the volume 
of a work does not add to its greatness; So I have made my 
work neither voluminous nor brief-worded. The reason is 
that b:>th the intelligent as well a3 the unintelligent paople 
are to be enlightened. 

Tor the sike of clarity of exposition, diSarent ingeni- 
ous methods being used in such a way that the work does 
not exo3ed the normil limits of the previous workj, and in 
corporating a* far as possible unit numerators, fractions 
having numerators and denominators mutually prime, using 
methods of interpolation and redaction, miking use of 
different kinds of denominators and numerators in many 
ways, this kind of treatment must bj given to a work of 
this nature by an intelligent man. 

Comm. Easy. 

Before we proceed to the next ohapter, we shall aid 
here tables of astronomical constants as given by dill -rent 
authorities, which will help comparison and appreciation of 
the work. 
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SPA$T£DHIKXRA — RECTIFICATION 
OF PLANETS 



Introduction, In the Bhagauadhyaya section of the. 
previous chapter Bhaskara gave under the Caption Bba^a- 
ijopapatti his proofs as to how the ancient is might have 
obtained the number of sidereal revolutions of the planets 
and the planetary points called apogees or aphelia and 
Nodes. But in trying to give those proofs, he was aware 
and he confessed also in so many words that some of his 
proofs at kaifc were obsessed by what is called Itargla* 
rasfraya-Dosa i.e. "answer bagging the question" Id is 
worth.hearing his words in his commentary .nnde.r_„;verses 
1-6 of the section cited above—" That the planets, and the 
planetary points perform so many revolutions in a Kalpa, 
is essentially conveyed by the Asjama i.e. the S'asbra (which 
is to be taken on faith), That Agama, got diversified i.e. 
there are many versions of tha*; Soienco, due to the defects 
of scribes, the teachers and the students and due to a long 
lapse of time from the originators-of the Agama.- Toat 
being so, the question arises as to which of the versions is 
to be trusted as the right authority. If it be said so, in 
nnthf ma.ics only an agama which could be proved also 
should bi taken as auihoriby. S-ich a numbar of revolu- 
tions as are obtained by proof, is to be accepted. Even 
that cou'd not be (a proof) ; for, a great scho'ac could j ist 
understand the proof aid by thai proof alone, ifc is not 
possible to know the exact number of revolutions (in a 
kalpa), for, a man's longevity is not much. In the proof 
that could possibly be given, the planet's position is to be 
observed and noted every day, during the entire course of 
its revolution. Thus Saturn Completes its sidereal re- 
volution in about 3D years. The apogee of the Sua aad the 
aphelia of the planets have their revolutions running into 
hundreds of years. Hence the observation of one complete 
revolution, (of such a planetary point) is boyond the oapa- 
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city o! a mortal. Hence great astronomers accept such an 
agama as would give results which accord with observations 
during their times, and suoh a one as was formerly accepted 
by a very intelligent astronomer. Then they produce their 
own works exhibiting their own Skill in the Science and 
refuting wrong notions of others. Their idea is * Let the 
Agama we take as an authority be whatever it would be 
Let us show our own skill in the course of our work ', just 
as in this work, the agama accepted by Brahmagupta is 
taken on faith as the authority. Then it might be argued 
" Better not attempt at trying to prove how the numbers 
of sidereal revolutions were arrived at. Even if a proof be 
attempted, that proof would be obsessed by the * Itaretara- 
drayadosa ' (cited above). Nevertheless we shall give a 
brief proof, That 4 itaretarasttayadosa ' is apparently a 
dosa i.e. an apparent defect; for, different proofs could 
not be adduced simultaneously. The proof will now be 
given". 

These words indioate that even such a highly rational 
and supremely intelligent astronomer like Bhaskara could 
not set aside his faith in our agama and attempt at a pure 
and rigorous proof, which would not invoke the agama- Let 
us see where in his proof he does commit the so-oalled 
itargtaras'rayadosa and where he invokes the agama. 
Also we shall try to construct a proof, of course to a good 
extent on the lines on which Bhaskara tries to give his 
proof, but at the same we shall not invoke the agama. 
where he does, but try to proceed purely on a rational basis. 
We shall take up the proof under verse 18, in its appropriate 
context. We shall now proceed with the text upto that 
point, which gives a brief sketch of the Hindn trigono- 
metry. 
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Verse 1. In as much as true positions of the planets 
alone are required to decide auspicious moment ; for 
journeys, marriages, celebrations pertaining to temples, 
astrology and the like, we shall now give the methods of 
rectifying the mean positions of the planets so as to accord 
with their observed positions. 

Comm. Clear. 

Verse 2-9. Obtaining the sines of the angles and 
tabulation of the sines. 

The planet deflected to the true position from the 
mean lies at the end of a half-chord (which is the Hindu 
sine of an angle) so that many processes pertaining to a 
planet are carried through Sines of angles; hence the 
word half -chord alone is connoted in this work wherever 
the word Jya meaning a chord is used. 

The lengths of these ha If -chords (or the Hindu Sines) 
for angles increasing from 0° to 90° at intervals of 3|° are 
as follows-225', 449', 671, 890, 1105, 1315, 1520, 1719, 
1910, 2093, 2267, 2431, 2585, 2728, 2859, 2977, 3084, 3177, 
3256, 3321, 3372, 3409, 3431, 3438. The ut-kramajyals or 
the Hindu versed-sines are respectively 7, 29, 66, 117, 182, 
261,354,461, 579, 710,853, 1007,1171, 1345, 1528, 1719, 
1918, 2123, 2333, 2548, 2767, 2989, 3213, 3438. 

The word Tribhajya or Trijya" is half-diameter. The 
word jya khandaa used by pandits connote the differences 
between successive Bines, 

Comm. There is a difference between modern trigono- 
metrical sines and the Hindu sines as detailed below (Ref. 
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Fig. 6 



fig. 6 overleaf). Let (0) be a oirole i.e. a circle with centre 
' Let AB be an arc called * Chapa let BO be drawn 
perpendicular on OA ; then BO is half of the full chord 
BD (known as jy5). The half-ohord Ardha-jya is itself 
spoken of as jya" for convenience and is the Hindu-sine of 
the arc or chapa AB. In Hindu trigonometry ' angle ' is 
connoted by the arc corresponding to it and as such spoken 
of as chapa. 00 is spoken of as the Hindu-cosine or Kofei- 
jya and CA is called the ut-kramajya or the Versed-sine. 
The radius B is called trijya and let us connote it by R. 
To differentiate between the modern terms and the Hindu 
terms, we use the words H. Sine, H. Cosine, H. vers-sine 
for the Hindu sine, the Hindu cosine and the Hindu vers- 
sine respectively. Also the radius B is generally taken to 
be 3438' which, we know to be the approximately the 
minutes in a radian. To talk of a length in minutes ap- 
pears rather odd but no confusion need be there, for, an aro 
of length R subtends 3438' at the oentre. It is oalled Trijya 
for the reason that it is the H. sine of 3 Basis or 90°. 
A Basi is equal to 30° because the ecliptio circle of 360° 
is divided into 12 Basis Mesha, Yrishabha etc, meaning 
14 
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Aries, Taurus etc The names of the Basis in Sanskrit 
and the modern English words we use for them have the 
same meaning, which raised a suspioion in the minds of 
many orientalists that the Hindu Astronomy drew upon 
the Greek, Many scholars of India assert that the Greeks 
derived this knowledge from the ancient Hindus ; but we 
shall not enter into the controversy here. It may be noted 
also that the Sanskrit names of week-days have the same 
meaning as Sunday, Monday etc. 

On the basis of taking trijya" equal to 3438', the other 
H. sines or half- chords are also expressed in minutes. 
Generally twenty-four H. Sines are given in a quadrant 
and to obtain the H. sine of an angle intermediate, a for- 
mula for interpolation also is given. Also the method of 
calculating the H. sines for every degree is given, as we shall 
.see shortly. In the table of 24 H, sines, the first is H. sine 
3°-45' or H. sine 225' and this is approximately taken 

as 225' because in fig. 6 if A0B=3°-45', the H. sine BC 
will be almost equal to the arc AB. The H. Vers-sines 
are also given to get the corresponding H. Cosines easily 
for, H. Vers sine 3°-45 = R — H. C03 3°-45 = 7' means 
H. Cosine 3°~45'=3431=H. sine (90°-8f o HH« where we 
use the notation H r to mean the rth H. Sine. 

Now we propose to give here some essential formulae 
used by the Hindu astronomers, as given in the goladhyaya 
by Bhaskara under the caption jyotpatti-krama. Inciden- 
tally it may be noted that H. sine = R sine where sine 
is the modern sine of the angle 0°. Similarly H. Cos 0=R 
Cos and H vers = R vers 0. Thus when we have an equ- 
ation of the type. Sin $ = Sin ^ Cos z + Cos ^ sin z sin a 
in modern astronomy arising out of the famous spherical 
triangle PZS where P is the Celestial Pole, Z the Zenith 
and S the position of the Sun or a Star, the Correspond- 
ing Hindu formula would be R 3 H Sin $ = RH Sin 4 
H cos Z + H cos <j> H sin Z H sin a. Occasionally the 
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radius is taken to be 120, and the corresponding H sines 
are called Laghu-jyas or simpler H sines used where great 
accuracy is not required. Srlpabi took the radius to be 
3270 units in addition to 120 as did Brahmagupta. Munjaia 
took 488' and some others some other values also. Oat of 
these 3438' alone has a right significance (VaiSawara took 
3272) 

Bhaskara says under verses 1 to 5 under Jyotpatti- 
Vasana in the Goladhyaya that the Hindu astronomers got 
the values of the main H sines of 30°, 45°, 60°, 18° and 36° 
by inscribing regular polygons in a circle. They are 
called the pancha-jyakas or the fundamental H sines. 
From these the others were caloulated according to the 
methods given by Bhaskara as follows. 

To start with, we have the fundamental formula 

H sin 3 e+H cos 3 e = R 3 (from fig-6) I 
In addition to this formula, Bhaskara gives another 

formula (verse 10, 11 Ib id) H Sin /2 ^ 

= JB. sin 3 -fHTvers 2 = R- H vers II 
In the commentary under the above verses, he has given 
the method by which II was obtained (Ref. fig. 7) BM = 

H sin where A0B = ; also AM = H vers and AB 2 = 
AM a + MB a . Let N be the mid-point of AB. 

| AB = AN = H sin 0/2 

H sin 0/2 = 1AB = W AM 9 + MB a 

^ \ J Hsin a + H vers 2 which 
proves the first part of II. Again from the right— angled 
triangle ABC, AB 2 = AM AC = H vers X 2R 
.-. Hsin0/2 = |AB=i ^/2RH vers0 = R H vers 

which proves the sacond part. 




Fig. 7 



In the Commentary under verses 1—25 ibid, Bhaskara 
tells us how formulae I and II are used to construct the 
table of 24 H sines. To start with, the four H sines of 30°, 
45°, 60° and 90° which may be denoted by the symbol Hr 
where r = 8, 12, 16 and 24, are known. Now using the 
formula II, H 4 is obtained from H a , H 3 from and B. t 
from H,. Similarly from H la , H 6 and H a are successively 
obtained. Now using formula I, H M , H^. H^, H^. are 
obtained respectively from H 41 H 2 , H x , H 6 and H r Now 
again from H t0 , H M , H 18} we obtain using formula II H M , and 
H g , H u , H 8 respectively, Formula I gives again H 14 , H M , H M , 
H 1S from the above. H u gives H 7 and H 7 gives H 17 using 
formula II and I respectively. Thus the table is Completed. 

Then Bhaskara poses the problem as to how a table of 
the H sines could be computed when a quadrant is divided 
into 30 equal parts. He says that formula I and II do not 
suffice in this behalf and shows how they do not, as follows 
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in the same commentary cited above. To start with, the 
H sines of 18°, 30°, 36°, 45°, 54°, 60° are known. They are 
respectively H 6 , H 10 , H u , H 16 , H w , H fl0 . Also H^, i.e. H sin 
90° = R is also known. Formulae I and II will help ua to 
derive, 

from H 6 , H 8 and from H 8 , H 97 ; also from H fi , we derive 

From H M> H fl and from H 6 , and again 

from H 18 , H 9 and from H 9 , H fll are derived. 

The remaining H sines sixteen in number cannot be got 
from either of the formulae. 

To meet the situation Bhaskara gives other formulae 
of his own discovery as he says " sratglfcq fa%«£JTOirci " 
i.e. " I shall tell something more than this. These formulae 
he gives in the verses 12 to 15. They are 



H Sin (°°±») = ^/ B'jRHSmx 



III 



(H sin x + H sin y) 3 + (H cos x-H oos y) 2 IV 



(H Cos x — H Sin x) 9 = H gin ( 45 _ x ) y 



R - 2 H Sin * x = H Sin (90 - 2x) VI 
R 

These formulae correspond to the modern formulae 



Sin ( 45± !)° - V^f^ 

Sin ( x ~ ^ = ^ (Sin x + Sin"y) a + (Cob x - Cos y) s 
^/ (Cos x - Sjn"i? _ sin (45 _ x ) 
1 —2 Sin a x = Cos 2x respectively 
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These formulae imply a knowledge of the expansion of 
Bin (x + y) which is given in verses 21, 22 in the form 

H Sin (x ± y) = ?L§! a _^JL^y_±J^^ 

^-r±;)fo r °;± (x y . ±y) h g * b ^^^ 

fli~J° °° nstrno ; the «m»ining sixteen H Sines Bhaskara 
directs us to use his formula IV wherein taking x = 27° 

got from H H,, and Hl respectively. From H u again we 
have B and H, which in turn give give H„ and H* H 
gives Hjb which in turn gives H„. similarly gfves h" 
which in tarn gl ves H M . Thus the table is complete. 

Verses 16 to 20. (Ibid.) give us the method of con- 
structing the table of 90 H sines in a quadrant, through 
the formula H Sin (x + 1)» = ^ 

HSiDX ( 1 -6T69)±o| H008xV m. 
This formula is got evidently by interpolating from his 
knowledge of B Sin 3° and H Sin 3f . He also gives 
that H Sin 6 | is more correctly equal to 224' 5V 
In the table of 24 H Sines, he gives the formula 
H r+1 = Br (i - -L) + H Cos x r x which could be 
similarly got by interpolation. 

The determination of H Sin (A+B) from H Sin A 

f X l : ^ sA ' HOosB * called Samasa-Bhavana' 
and that of HSin(A-B) is called Antara-Bhavana 
whereas computation of H Sin 2A from H Sin A and 
H Cos A is called Tulyabhavana. The word VajrSbhyasa 
is used for Cross- multipl ication ' in this context. 

We shall now prove how the formula for H Sin (x+l>» 
led Bhaskara to arrive at the differential formula 
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g (Sin x) = Gob x gx. Since H Sin (x-hl) 8 = H Sin x + 

HCos x X H Sin 1° ap p rox i mafee iy, H Sin (x + 1)° - 
R 

H Sin 1° 

H Sin x° = H Cos x X — — = H Cos x x a constant. 

xt 

Hence Bhaskara oould see that the variation in the 
function H Sin x is proportional to H Cos x. Let it be now 
required to find the increment in H Sin x for an increment 
gx in x where gx < 60'. Let H Sin (x+l)°-H Sin x = 
6 0' X HCosx = y where y . g Cft]led |he Bhogya-Khanda, 

a 

Then Bhaskara argaes "If for an increment of 60', there 
is an increment of y, what shall we have for gx V\ 

m,_ • y$x 60 X H Cos x gx H Cos x 
The answer is ^ = - x ^ ^ ^|xgx. 

Hence H Sin (x + gx) - H Sin x = g (H Sin x) = 

H Cos x X ^ which corresponds to g (Sin x) = Cos x gx 
a ' 

Bhaskara is thus the first mathematician to have perceived 

this differential formula 500 years before Newton and 

Leibnitz. 

In the context of the preparation of the table of 24 
H Sines which was there in Aryabhatiya as well as Surya- 
siddh5nta, we have to offer the following remarks. 
The method of the construction of this table was the 
subject-matter of some study by S. N. Naraharayya and 
A. A. Krishnaswami Ayyangar 1 . In this study it was 
supposed that the method was based on finite differences 
according to the verses of the Suryasiddnanfca 15 and 16 
of chapter II. The articles referred to reveal the difficulty 
in constructing the sine-table following this method. 
Some subsidiary corrections in the verse <**rf^rw fesrrw, 

1. S. N. Naraharayya -Journal of Indian Math. Society, Vol XI— Fir** 
Series Pages 105-113. 18 

2 P A. ^Krishnaswami Ayyangar — J. I. M. S., Vol. XV— First Series 
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oitoinjavuvift, ***m% mtn^^vm&ftm quoted 
from the , Brahma Siddhanta by Ranganatha in his com- 
mentary of Suryasiddhanta were alluded to in the articles 
cited but no satisfactory mathematical explanations were 
given by them. We shall give hereunder a satisfactory 
explanation of the matter discussed in the articles. 



In the first place it may be noted that in the table of 
those 24 H sines, the sixteenth as given by Bhaskara 
namely 2977 is more correct than that given in the Surya- 
siddhanta namely 2978 (Lakshmi Venkateswara press edi- 
tion 1965 Bombay). 



In the course of the Commentary under the verses 15, 
16 of the Suryasiddhanta, Ranganatha gives the hint which 
must have been at the back of the mind of the author of 
the Suryasidhhanfca when he gave the rule to consbruot the 

table cited. Just as 8 (H Sin 0) = H °^ SM t Similarly 

the formula 8 (H Cos 0) = ^HSmJ_g0 ^ ^ 

been known to the author. The negative sign means that 
the successive differences of the H sines namely 225 224 
222, 219 etc. are decreasing and also that the successive 
differences of these differences are increasing according to 
the H sine. Just as Bhaskara could see that the H sines 
were increasing and the successive differences of the 
H sines were in Kotijyanupata i.e. in direct ratio to the 
Cosine at th eir respective place, similarly, the author of 
the Scryasiddhanta could see that the second differences 
cited above were in Kramajyanupata as hinted by Ranga- 
natha. 

From the formula 8 / H cos d Q \ - H sin $ 0« 

\ R / r3 

putting = 90°, we have the second difference numerically 
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- m , fe0 = 225 x 225 = 14' - 43" - 30". Here 
Banganatha made a mistake in baking this bo be 

3438 _ —16" — 48'" — Even is approximate 
222 R 
and a more correct value of the second difference would be 
24» — 47" approximately. Ranganafcha then argues that 
taking this second difference to be 15 for the H sine 3438 
1 what will it be for the H sine 225' ? ' The answer would 

- t - t = I " r approximfttely - 

So, the second difference in the beginning of the table 
happens to be 1' ie This led the author of the Surya 

siddhanta to use the words " cT^ra^P^T This being 
an approximate formulation, naturally necessitated a second 
formulation where the approximation led to an error of 1* 
through the verse "«CTf35U«3r fasiCT etc." This second 
formulation intended to make a correction, was done in 
the wake of a correct calculation through the formulae I 
& II which were known even prior to Bhaskara. 

Verses 10, 11. To find the H sine of an intermediate 
angle. Suppose it is required to find the H sine of an 
angle 0° ie X 60'. Divide this by 225; the quotient 

R X D 

gives the previous H sine. Then where R is the 

remainder, and D the difference between the previous and 
next H sines, added to the previous H sine gives the H sine 
required. 

Comm. The formula is evidently based on an applica- 
tion of rule of three. 

Verse 11. To find the angle when the H sine is given 
Suppose the H sine of an angle is given to be x\ Subtract 
the greatest H sine that could be subtracted from this, 

16 
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Suppose the H sine of 0° could be subtracted. Let the 
remainder be r. Then r * 225 where D is the difference 

between the previous and next H sines, added to Q gives 
the angle corresponding to x'. 

Comm. Evidently this is the converse of the previous 
process and this also is based on Rule of three.' 

Verses 12-15. The H sine of the obliquity of the 
ecliptic taken to be 24° is 1397. Now, the successive diffe- 
rences of the H sines will be given (on the basis of taking 
R = 120) which are known as Laghu-Jyas intended for 
ease in Computations, namely 21, 20, 19, 17, 15, 12, 9, 5, 2. 
These are given for intervals of 10°, so that if it be required 
to find the H sine of x°, let q be the quotient and r the 
remainder when x is divided by 10. q gvies the number 

of the previous H sine. Then L_*J2 wher e D is the next 

difference or jyakhanda as it is called, added to the previous 
H sine gives the required H sine. In this table the H sine 
of 24° is 48' — 45". Also the H versines in this table are 
got by the reverse differences. To get the angle 0° for a 
given H sine say x' subtraot the sum of as many differences 
(Jya— Khandas) as could be from x. Let the remainder 

be r. Then where D is the next jyS-Khanda 

added to the previous angle upto which the jyakhandas 
have been subtracted, gives the required angle. The H sine 
will bs more accurate if the Bhogya-Khanda or the next 
H sine— difference is rectified (as per the rule of interpola- 
tion next given). 

Comm. H vers = R-H Cos = R— H sin (90-0) 
so that H verse 3|° = 3438-Hsin (86£°) = 3438-3431 =-7 
as given in the previons table. Similarly in the above table 
of Laghu-Jyas, H vera 10° = R — H cos 10° = 120 — H 
sin 80° = 120 - (21 + 20 + 19 + ... + 6) = 2 so that the 
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above differences in the reverse order give the H ver3ines. 
The rest of the oontents of the verses is simple, the proces- 
ses being b&3ed on the * Rule of three \ 

Verse 16. Rectification of the next H sine difference 
known as Bhogya — Khanda. 

The difference of the previous and the following H 
sine —differences being multiplied by the remaining degrees 
and divided by 20, the result is subtracted from the arith- 
metic mean of the previous and following H sine-diffarenoea 
to give the rectified H sine— difference, in question. 

Comm. This is a formula for interpolation which 
agrees with the interpolation formula given by Ball in his 

x 

spherical astronomy on page 18 in the form y = yo + ^ 

(yi - yo) + X ( * ~ h) (y 8 - 2y, + yo). This formula is 

a re-statement of the formula enunciated by Brahma*upta 
in his work Brahma Sphuta Siddhanta as well as Uctara- 
Khandakhadya in the form " q*fltTgi3^f;T53t^r€i^:rsji^ 
qRjMfira'ea:* asifa^ gafa W^Tffttfa* *itRrV wherein in 
the place of ten-degree-interval, a fifteen-degraa-interval 
ie 900'-interval was taken. Rule of three is a linear for- 
mula of interpolation, whereas the above is a quadratic 
formula reflecting much credit on the mathematical genius 
of Brahmagupta. 

We shall now see how the formula is applied and what 
mathematical significance it has. Suppose it is required to 
find the H sine of 24° from the previous table of H sine — 
differences given for intervals of 10° — from the table H 
sin 10° = 21, H sine 20 = 41, H sine 33 = 60 where R is 
taken to be 120. Now to fiad H sin 24°, we are asked to 
rectify the next H sine —difference namely 19', where the 
table is 21, 20, 19 etc. As a first approximation, applying 
rule of three H sin 24° = 41 + T % X 19 - 43*6 = 4^' -36", 
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Tbis is a crude approximation, the actual value being 
48' — 48" — 14"'. Application of rule of three is justified 
if the H sine — differences are uniform, but they are not so ( 
being in a decreasing order. So, the following H sine — 
difference namely 19' is to be rectified so as to be applicable 
at 24°. In other words we have to take such a H sine-^- 
difference which will hold good at 24°, not at 20° or 30° — 
from 10° to 20°, the H. S. d. (H Sine— difference) is 20', 
and from 20° to 30° it is 19.'. If that be so what will be 
exactly at 24°? If should be less than 20' and greater 
than 19*. Now the argument advanced by Bhaskara is that 
the H Sine —difference at the mid-point of the 2nd and 3rd 

20 -4- 19 

differences namely 20 and 19 should be — ^ — = 19*6. 

The H sine —difference at the end of the third interval is 
19. Then by the rule of three * If there is a decrease of 
19*6 — 19 = *5, during the course of the 10° of the third 
interval, what should the difference be for 4° ? (where we 

have to find the H sine at 24°) The result is , 5 = ^~ 

which is given by the words " qr^srat: <s*jT5"«^f4%^: 
*4w5lfttwft sraRHj/'. This decrease makes the H sine— 
difference at 24°, 19*5 - = 193 at 24°— Now the argu- 
ment to find the H sine at 24° is ' If for an interval of 10°, 
the H sine — difference is 19'3, what should it be for 4° ? ' 
The answer is X 19'3=7'72. Hence the H sine of 24° is 
21+20+7'72=48'72=48' - 43" - 12" which is nearer the 
truth 48' - 48" - 14"' than what was obtained by the crude 
rule of three namely 48' - 36". 

Here we have to explain Bhaskara'a words more elabo- 
rately, because, Kamalakara happened to criticise Bhas- 
kara's words in this context. Bhaskara Says " The H sine 
difference at the end of an interval is the arithmetic mean 
of the preceding and succeeding differences, whereas the 
succeeding one is that which holds good at end of the suc- 
ceeding. In between, we have to apply the rule of three to 
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obtain the rectified difference." What Bhaskara mean. is 
&h At the end of an interval, to obtain the H sine, it is 
InouEh to add the H sine difference belonging to that inter- 
™, to the preceding differences. But when it is required 
to find the H sine in the interior of an interval, we have to 
construe that the difierenoe at the end of the previons inter- 
vaUs the arithmetic mean of the previous and succeeding 
differences. There is apparently a self-contradiction m 
BWskara's words; for, at the end of the mterval, according 
to his own words, the difference is that belonging to the 
wevious interval and not the arithmetic mean as postula- 
ted The contradiction will not be there when we read 
Bhaskara's mind that he means " When we require to . find 
the H sine in the interior of an interval only, the a>Herenoe 
at the beginning of that interval is to be taken as the arith- 
metic mean of the preview and the current differences and 
that at the end of the interval the current difference holds 
good." 

The truth of BhSskara's statement oould be seen 
aualvtioally as follows. The arithmetic mean of the prece- 
ding and succeeding H sine d.fferenoes is (The context is to 
rectify the third H sine difference namely 19, for, we were 

finding the H sine of (M fig- 8) where OA, 

AB, BO eto are the successive differences. 

AB + BC _ g^njQ^-H jin 10 + H sin 3 - H 3 20 



2 



= HsinJO^HSiO _ R (SingO- 8 10^ 

H Cos 20 H Sin 10 

= RX Cos 20 Sin 10 = j^- 

The numerical difference of the preceding and succeed- 
ing H sine differences is (i.e. w*mOTW&). - BO 
= (H sin 20 - HS10) — (H sin 30 H sin 20) ~ 
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2 H Cob 15 H sin 5 2 H Cos 25 H sin 5 2 H sin 6 
B B R— 

(H Cos 16 - H Cos 25) = 2 H sin 6 v 2 H sin 2Q Hsia5 

B B 

Let now X be the point where we are bo find the H sine 
(Here let us take it as x° after the previous interval for 
generalisation). Then Bhaskara's formula would give 
H Cos 20 H Sin 10 _ 2 H sin 5 2Hsin20Hsin5 

E B a X 20 Xx 

H Cos 20 H sin 10 x n „ 
= r 2 H sin 20 H sin 8 5 

2HCos 20 H si n 5 H Cos 5 1 x 
~~ — X - X 2H sin 20 

H sin* 6 

2 H sin 5 ( H Cos 20 H Cos 5 - ~ Q X H si n 20 H sin5 



B 



3in5 j 



I R 

put now successively x = 0° 'and 10° to get the rectified 
differences at B and O respectively; then those rectified 
differences would be respectively H Cos 20 H sin 10 and 

2 H 8iQ 5 X H Cos 25. But AB + BQ = gCosjOHsin 10 

E 2 B 

(found above) and BC = H sin 30 — H sin 20 = 
2 H Cos 25 H sin 5 T , 

B W rectified differences 

at B and C are respectively what exactly has been stated by 
Bhaskara. Hence Kamalakara' s condemnation of Bhaskara 
is quite unjustified. 

Verse 17. To rectify the arcual difference to obtain 
the arc for a given H sine. 

Subtract as many H sine-differences as could be sub- 
tracted from the given H-sine. Half of the remainder 
multiplied by the difference of the preceding and succeed- 
ing H sine-differences and divided by the succeeding and 
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the result being subtracted from or added to as the case 
may be (added in the case of Hversines) the arithmfttio 
mean of the preceding and succeading H sine-differences 
gives the reotified H sine-difference while finding the arc 
for a given H sine. 

Comm. Let the given H sine be that of 24° found 
before i.e. 48*72. We could subtract 21 and 20 from this 
and the remainder is 7*72 ; half of this is 3'86 which 
multiplies by (20-19) is 3'86, This divided by the succeed- 
ing difference namely 19 is *2 approximately. The arith- 
metic mean of the preceding and succeeding si 

2 

= 19*5. If the above result is subtracted from this, we 
have 19*5 - '2 = 19'3, If for 19'3 we have 10° inorement 

what shall we have for 7*72. The answer is 1Q X 7'72 

19-3 

= 10 X *4 = 4°. Hence the required arc is 20° + 4° = 24°. 

The proof is analogous to the previous proof. Having 
subtracted 21 and 20, the remainder is 7*72, (Ref. fig. 8) 



*» « a. Hi 

f ■ t ' . i .... m 



k, >- * ' * X c 9 * * 

Fig. 8 

so that BX =* 7*72. Now during the course of the succeed- 
ing interval of 19, there has been a decrease of 19'5 — 
19 = "5 or to put it in general terms, daring the course of 
y the succeeding interval BC there has been a decrease 
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3 2 w " ere x 18 foe previous interval AB 

and 5-±JT is the H sine difference at B. Hence the argu- 
ment is "If for y, there has been a decrease of 
Wh (x - yV* I 6 ^ (Her6 * = 772) " ? Th6 aQSWe * i8 

^ ¥~ X y == 2 (X ~ y)X y :== ******* X T^^RH 

■s- This result is to be subtracted from x + * 

L e \ 2i8 ^ bG 8ubfcr aoted from 19'5 to give the rectified 
H sine-difference. 

Verse 18. Definition of Kendra and assignment of 
sign thereto. 6 

«. t T1 i e ? ce3s of the longitude of the mean place over 
that of the apogee or aphelion as the case may be is called 
the mean anomaly. The excess of the longitude of the 
point called S'lghrocoha over that of the planet rectified 
by the first equation known as Manda-phala or equation 
of centre is known as the Sighra-anonmly. The equation 
of centre is positive or negative according as 180<m<360 
or 0<m<180 where m is the mean anomaly. The case 
will be reverse in the case of the sign of Sighraphala, the 
second equation. 

Comm. "srnp^T ^TTcTf m^)m ^ori" i.e. 

The Moon and the Sun could be rectified by the equation 
of centre alone. This means that the Moon revolving 
round the Earth directly and that the Sun revolving rela- 
tively round the Earth are subject to only one correction 
namely the equation of centre for rectification. In the 
case of the Sun, though the fact is that he is revolving 
round the Earth relatively, assuming as Hindu astronomy 
does that he is revolving directly round the Earth and 
subjecting him to the correction of the equation of centre 
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does not alter the mathematics that goes into his rectifi- 
cation. According to modern astronomy the Sun and the 
Moon, one relatively and the other directly go round the 
Earth, in ellipses, the Earth being in one focus whereas in 
Hindu astronomy both the Sun and the Moon are taken to 
be going round the Earth in eccentric circles i.e. circles 
whose centres do not coincide with the centre of the 
Earth. In fact, Bhaskara says in so many words " g&M" 
^ fl^^rsf^ m-* , aft** stts^t 

fe^cT ^: r ¥&**t^fe i.e. The centre of the celestial 

sphere coincides with the centre of the Earth. The centre 
of the circle in which a planet goes does not coincide with 
the centre of the Earth. Hence an observer on the surface 
of the Earth finds the True planet's position differing from 
that of the mean planet, so that what is called the correc- 
tion of Bhujaphala is to be made in the mean position of 
the planet to get the True position." Here it has to be 
noted that the Bhujaphala mentioned stands both for the 
equation of centre and the second equation known as- 
S'ighraphala as well. One may wonder how it could be so, 
but it may be noted that in the formulation of both the 
equations, the centre of the eccentric does not coincide 
with that of the Earth and also in both the oases the equa- 
tion contains the term H sine of the anomaly where tbe 
word anomaly whether it be of the first or second equation 
is known as ' Bhuja \ 

. In the oa^e of the othar planets, the fact is that they 
go round the Sun in elliptic orbits, the Sun being in one 
focus. In Hindu Astronomy, we shall see that the centre 
of the ecoentric circle in which these planets are taken to 
revolve coincides with the Sun. Hence, though the ancient 
Hindu Astronomy postulates geocentric motion, the mathe- 
matics that goes into the formulation of the second equa- 
tion, makes the Sun's centre the centre of planetary revolu- 
tion. One may wonder again how the equation of centre 
16 
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formulated by Hindu Astronomy agrees with its formula- 
tion in Modern Astronomy which enunciates elliptio 
motion; but it will be seen that the eccentrio-cirole theory 
also gives very approximately the same formula for the 
Equation of centre. There is just one point of difference, 
which does not matter. Whereas in Modern Astronomy the 
mean anomaly is reckoned from the perigee or perihelion 
as the case may be, it is reckoned in Hindu Astronomy 
from the apogee or aphelion. The difference is made up by 
prefixing the appropriate sign to the equation. The word 
Mandoccha stands for the apogee in the case of the Sun 
and the Moon and for the aphelion in the case of the other 
planets and the word Manda kendra stands for the mean 
anomaly in both the cases. In Hindu Astronomy the word 
'graha' stands for not only the five planets Mercury to 
Saturn but also for the Sua and the Moon. Why that 
word is applied to the Sun and the Moon as well is, that 
both the Sun and the Moon also while moving among the 
stars along with the five other planets Mercury to Saturn, 
wield an influence on the residents of the Earth. The 
etymology of the word ' graha ' is qttHRhft 3f qflft awfa 
?T5: ie. ' that which seizes upon the fates of the resi- 
dents of the Earth', with this etymological significance 
only even the lunar orbital nodes known as Rahu and 
Ketu are also taken to be grahas in Hindu Astronomy. 
Hence translating the word graha as a planet and criticis- 
ing Hindu Astronomy for taking the Sun, Moon and the 
lunar orbital nodes also as such is not right. In other words 
the translation should be pronounced wrong. Uranus, Nep- 
tune and pluto were not mentioned in Hindu Astronomy. 



We shall now elucidate the eccentric and epicyolic 
theories of Hindu Astronomy, which will be seen to give 
identical position to the planets. How they came to be 
postulated will be also elucidated. Incidentally we deal 
with the ' Bhaganopapatti » or the proof of the numbers of 
sideral revolutions of the various grahas enunciated 1 in the 
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beginning of the Madhyadhikara, Bhaganadhyaya in verses 
1 to 6. Even Bhaskara gave such a proof as appealed to 
Agama ie. 'Authority', which proof therefore will not be 
acceptable to a Rtudent of Modern Astronomy, who ia likely 
to question how the Agama came into existence. 

How the Agama came to formulate the number of 
sidereal revolutions of the grahas, we shall now see. 

The forefathers of Hindu Astronomy (have been re- 
ported to be eighteen in number in the famous verses " ^ 

sutfSnOTWSira^w: " Of these Brahmagupta mentions 
Brahma-Siddhanta, which he reports to have resuscitated. 
Varaba Mihira gave a version of the old Suryasiddhanta, 
mentioning that it accorded with observations. Aryabbata 
says that he revived his system from the then existing 
ocean of knowledge both good and spurious. The fact that 
none of these outstanding astronomers mentioned that 
they had derived their systems from a foreign source, and 
the reasonableness in presuming that all these three could 
not be impostors, make the author of this work feel 
strongly tbat there should have been some works in the 
name of Agamas extant long before these Acharyas. The 
argument that the crude Vedanga-jyotisa alone should 
have existed before Aryabhata, simply because, no other 
work worth the name has been discovered, may not be 
correct. It is quite possible that crude works could exist 
side by side with advanced scientific works, just as even 
nowadays we have thinkers and works of a primitive type 
existing along with highly advanced thinkers as well as 
scientific works), 

Bhaganopapatti. In the first place, the forefathers of 
Hindu Astronomy must have noticed very easily that the 
Moon has a motion among stars, for, this could be detected 
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even by a lay man during the course of a single night. So, 
the period of a single sidereal revolution, oould be roughly 
recognized by noticing the conjunction of the Moon with 
a luminous star. Having thus observed a good number of 
sidereal revolutions, which could be done even with the 
naked eye, the average period could be arrived at with 
sufficient accuracy within the course of a few years. 
Having thus obtained almost accurately the average of a 
sidereal revolution of the Moon, the sidereal revolution of 
the Sun could have been arrived at as follows. The 
moment of an eolipse solar or lunar could be observed with 
the naked eje.-Observing a good number of eclipses within 
the course of a few years, the average of a lunation could 
be easily arrived at very accurately, for, in between the 
eclipses of the same nature an integral number of lunations 
elapse. That the Sun also has a motion among stars must 
have been noticed dearly during the course of a few 
months, for, observing at Sunset the star that was rising, 
it should have been noticed gradually even during the 
course of a month, that the Sun must have been approach- 
ing the star or vice versa and as the stars were found to 
keep the distances amongst them constant, it wa9 the Sun 
that was approaching tbe star and not the star it was that 
was approaching the Sun. Having decided thus that the 
Sun was moving among stars from west to East, the 
approximate period that the Sun took to complete a side- 
real revolution was arrived at. Then, as both the Sun and 
tbe Moon were having east ward motion, and as the Moon 
has a more rapid motion, the arc by which the Moon over- 
takes the Sun during a day was roughly noticed. Thus 
arriving at a rough estimate of a lunation within which 
a conjunction of the Moon with the Sun recurs, it was 
noticed that the excess of the sidereal revolutions of the 
Moon over thoFe of tbe Sun gave the number of lunations. 
Since a correct estimate of both a sidereal revolution of the 
Moon as well as that of a lunation were previously arrived 
at, the number of sidereal revolutions of the Sun during 
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the course of a certain period were computed whereby a 
correct estimate of. a sidereal solar year was arrived at. 
This period could also be checked simultaneously by obser- 
ving the interval between the heliacal risings or settings of 
a particular star of the Zodiac as well. Thus far, we have 
seen how the sidereal periods of the Sun and the Moon 
were determined very accurately. It may be noted that 
these periods as determined by the Hindu astronomers 
were correct to a good number of decimal places. 



When once the Sun and the Moon were found to be 
having eastward motion among stars, and when it was 
discovered that there were other luminous bodies like the 
Jupiter and Venus etc. moving among stars, it was 
attempted to determine their sidereal periods. It must 
have been done as follows. In the first place, it was 
noticed that these other luminous bodies which were five in 
number, namely Mars, Mercury, Jupiter, Venus and 
Saturn, were found to be having retrograde motion also 
unlike the Sun and the Moon. As these five bodies were 
looking like stars they were named Tara-grahas i.e. grahas 
looking like stars. Also a distinction could be drawn very 
easily between Mercury and Venus on the one hand and 
the other three on the other, for, the former were always 
found oscillating about the Sua, never parting from him 
through long distances. Thus during the course of a suffi- 
ciently long interval, the geocentric sidereal periods of 
Mercury and Venus coincided with that of the Sun. In 
other words, it was taken that the geocentric sidereal 
periods of Mercury and Venus also were taken to be an 
year. This is clear from the statements made by all the 
Siddhantas that in a Kalpa of 432000000 years the Sun, the 
Mercury and Venus all the three make 432000000 sidereal 
revolutions. Then with respect to the other three planets 
Mars, Jupiter and Saturn, it was noticed that they were 
having a pre-dominantly longer period of direct motion t 
though there was a retrograde motion for some time. This 
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gave the clue to arrive at an approximate estimate of their 
sidereal revolutions. But the correct estimates were arri- 
ved at not by observing their conjunctions with stars, for, 
that would take a very long period of observation in the 
case of Saturn, but, by observing a good number of their 
heliacal 'risings or settings. The interval between two 
consecutive heliacal risings or settings being a little grea- 
ter tt than an year, ten or fifteen observations could be done 
very easily by a Bingle person. Then the aforesaid argu- 
ment given in the case of finding the sidereal revolution of 
the «Sun, was also advanced in the case of these three 
planets Mars, Jupiter and Saturn. Let x° be the arc that 
the planet covers during the course of a day. Let a° be the 
arc covered by the Sun during the same period which was 
previously known and that correctly. So, during the 
course of a day the Sun overtakes the planet by (a - x)°. 
Henoe to overtake 360°, the period S was computed. This 
period was observed as the interval between two consecu- 
tive heliacal risings or settings and known as the synodic 

period. So, from the equation — — = S, the value of x 

a - x 

could be arrived at, wberefrom p the sidereal period was 
determined. This sidereal period could be also determined 
in another way. Noting the distance covered among stars 
by a planet during the course of a synodic period, using 
rule of three, the sidereal period could also be arrived at 
with a good accuracy, for, the retrograde motion affects 
equally each synodic period. An average of such determi- 
nations made in two ways could give the sidereal periods 
of Mars, Jupiter and Saturn with a good amount of accu- 
racy. It will be noted here, that the average of a good 
number of geocentric sidereal periods in the case of these 
planets (called Superior) is also the heliocentric sidereal 
period (for a proof of this statement reference may be made 
to page 80 of the author's 'A critical etudy of the ancient 
Hindu astronomy , published by the Karnatak University 
Dharwar). It is why the sidereal periods of these planets 
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as given by Hindu astronomy tally with the heliocentric 
sidereal periods given by modern astronomy. This is also 
one of the reasons why heliocentric motion of the planets 
could not be detected by Hindu astronomy, and also why a 
statement was made that " In the case of Mercury and 
Venus the Sun was the planet, and they are termed as 
S'ighrocchas, whereas in the cass of Mars, Jupiter and 
Saturn, they are the planets while the Sun plays the part 
of S'lghroccha " §5rata3RfrT <J ife: srterteRTira: , 
srs: ^f«%^ ? at sfrHSTra^t" (An elucidation of this state- 
ment will be given shortly) 

In the case of the planets Mercury and Venus (Inferior 
planets) one may wonder how under the geooentrio theory, 
Sheir heliocentric periods could be arrived at, though they 
were not recognized as such but were pronounced as the 
" geocentric periods (not considered as heliocentric)'* of 
two points known as their S'ighrocchas. Here we come 
across the peculiar concept of a S'lghroccha which arose 
out of the fact of postulating a geocentric system in the 
place of the heliocentric. This concept is to be elaborated, 
in as much as confusion is there in the minds of many 
interpreters of Hindu astronomy in this behalf. 

In the first place let us oonsider as to how the rectifi- 
cation of the Sun and the Moon, known as sphutikarana 
was achieved. Having got their sidereal periods, their 
mean daily motions were calculated. Also a period was 
conceived, during which this Sun and the Moon would per- 
form an integral number of revolutions. This period was 
termed as a Mahayuga (or simply a yuga as we hereafter 
name it) whose duration was estimated as 4320000 solar 
years. That the yuga is an integral L.C.M. so to say of 
the sidereal periods of the Sun and the Moon (also of the 
other planets as we shall see shortly) oould be seen from 
the statement of the Surya Siddhanta 5^ 3$«3FKrarf 
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TOTRlBne^H ^WTI^iw: i,e. 'In a yuga, the Sun the 
Mercury and Venus perform 432000 sidereal revolutions as 
well as the S'lghrooohas of Mars, Jupiter and Saturn, 
whereas the Moon performs 57753336 revolutions ' (It may 
be recalled here that th& Mercury and Venus are osoillatmg 
about the mean position of the Sun; also it will be noticed 
that the Sun playing the part of the Sighrocchas in the 
case of Mars, Jupiter and Saturn, their S'lghrooohas are 
also deemed as making the same number of revolutions as 
the Sun. In as much as the S'lghrooohas in the case of 
Mercury and Venus are looked upon as different from the 
planets, so in the case of Mars, Jupiter and Saturn also the 
Slghrocchas are taken as different Divine entities though 
coinciding with the Sun in position). However smaller 
periods could be conceived as integral L.C.M's of the side- 
real revolutions of the Sun and the Moon, but a presump- 
tion sponsored by a sense of orderliness in the Cosmos, 
that the planets should all have been started from the Zero 
point of the Zodiac, made the integral L.C.M. to be of 
such a dimension as 4320000 solar years in which period 
the other planets also would have made an integral num- 
ber of sidereal revolutions. Here in this point the tradi- 
tional Hindu astronomers place their faith in the Agama, 
which said that the planets were all started at the Zero- 
point of the Zodiac in the beginning of the yuga and were 
ordained to return to the same point at the close of the 
yuga. Even a rational astronomer like Bhaskara, appa- 
rently placing faith in the Sgama, while adducing a proof 
in the name of Bhaganopapatti, states that after obtaining 
the mean daily motions of the planets, calculates them 
for the period of a Kalpa taking it on trust that the planets 
were started at the initial point of the Zodiac in the begin- 
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ning of the Kalpa, A modern astronomer, however, ques- 
tions the assumption that the planets were all started at the 
first point of the Zodiac, and even though they might all 
have been in conjunction at that point in some remote 
past, whether it was the initial point of the reported Kalpa. 
Proceeding on the basis of the reported initial conjunction 
of all the planets at the first point of the Zodiac, and calcu- 
lating the number of days that have elapsed from the begin- 
ning of the yuga, the mean positions of the Sun and the 
Moon were computed. Noticing that these mean positions 
did not exactly accord with the true observed positions, the 
ancient astronomers tabulated the differences between those 
mean and true positions. These differences were found to 
be zero at two diametrically opposite points, and maximum 
roughly at two points differing by a quadrant from them. 
To account for these differences, the thought that ocoured 
to their minds was that probably the Sun and Moon did 
not move in a circle whose centre coinoided with that of 
the Earth but were moving in an eccentric circle i.e. a 
circle whose centre is at some other point than the Earth's 
centre. This surmise could be made because unequal 
motion was accountable only on varying distance from the 
Earth's centre and a celestial body appearing to move 
fastest must be nearest whereas the same appearing to 
move slowest must be farthest. Thus in the first place 
seeing no reason for non- circular motions and also expec- 
ting the celestial bodies to move only in circles, for, a 
circular motion appealed to them as the most ideal motion, 
the ancient astronomers later postulated an eccentric 
circular motion with respect to the Sun and the Moon. 
This postulation appeared to give good results as seen 
below. 
17 




Fig. 9 

Eccentric circle theory.-Let B, be the earth's centre; 
m M PA be the circular orbit in which the planet (here 
he Sun o^tVe Moon) move, with a uniform motion. Th,s 
S is termed the Madbyagraba or the mean planet 
TrtM A P be the actual orbit of the planet whose centre 
E Removed a little away from B,. Since the centre H, 
U moved in a vertical direction away from E every point 
o^e eccentric circle (BJ. will be 
onrresoonding point of the mean circle. Thus M, WW be 
Z Son of P the actual planet where M, is vertically 
IboveTthe mean planet. Join Eft to out the mean 
S in P. Since A, is the position of the actual planet 
?»rthest from E, the Earth's centre, the planet should have 
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the slowest motion there. So this point A 8 is termed 
Mwidocoha, Manda because it is point where the planet is 
slowest and Uccha because it is the highest or the farthest 
point from the Earth's centre. Corresponding to this 
Mandoccha in the 'eccentric circle A, is termed the 
Uccba in the mean circle. Also p the point where ^M, 
the line joining the Earth's centre to the actual planet 
and called the Mandakarna, cuts the mean orbit is taken 
to be the position where the apparent planet is situ- 
ated Thus V is seen to be deflected from the mean 
planet M x towards the Mandoooha on which account 
the Mandoccha is considered to be attracting the planet 
"awftlP^ Wrf*" as Bhaskara puts it. The angle 

A 3 E 2 M 2 is spoken of as the Manda-Kendra or the mean 

anomaly and it is equal to Z a E 2 M a - Z 3 E 2 A 3 = longi- 
tude of the planet minus the longitude of the Mandoccha, 
where E^ and the parallel E 2 Z a are directions towards 
the Zero-Point of the Zodiac. This accounts for the 
statement 'q^T f^*dw^*t' (of the verse under 
elucidation.) i.e. the excess of the longitude of the planet 
over that of the Mandoccha is termed Mandakendra. 
While M x is termed the Madhya-graha in the mean 
orbit, M 3 is termed the prativritta-Madhyagraha, and 
not spastagraha as might be deemed, while p is spoken 
of as the spastagraha or the True planet or apparent 
position of the planet. The word Prativritta stands for the 
eooentric circle. Now M X P the difference between the 
mean and True positions is spoken of as the Mandaphala 
which corresponds to the modern 4 Equation of Centre . 
To find its value draw perpendiculars PN X and M 3 N 3 on 
EjMl Triangles E 2 M a Q 2 and M^N, are evidently similar 

Hence !# = 80 that M * N * = x MaQa = 

E a M 9 M X M 3 

R H sin M a E a A a (1) (which is equal to r Sin E 2 in modern 
terraB) Now in the case of the Equation of centre which is 
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generally a small quantity M a N 2 is taken to be equal to 
PN V If, however, this approximation is not made, PNf= 
M N X E P 

1 - E S M 1 (by the similarity of the triangles ExPNj and 
M 2 N 2 ) so that the actual equation of centre is — H sin 

E 2 X | = £ H Sin E 2 where K = Mandakarna Ej M 2 . As 

M a moves from A 2 to P a , the equation of centre as given by 
(1) gradually increases from Zero to a maximum r when 
E 2 — 90° and decreases from this maximum to Zero when 
E 2 = 180°. Thus from what was noticed from th& tabulated 
differences between the computed mean positions and 
observed true positions, the fact that those differences 
vanish at A 2 as well as P 2 the diametrically opposite point 
of the Mandoccha (not called S'ighroccha, for this word 
S'lghrocoha will be seen to have altogether a different 
connotation) was verified. The maximum value of M 2 N 2 
V is termed the Antyaphala- jya or the H sine of the maxi- 
mum equation of centre from which the arc could be found. 
In the case of the Sun and the Moon from the maximum 
differences between the computed and observed positions, 
their H sines were found and taken to be equal to V in the 
respective cases. Erom this value of r, the circumferences 
of the circles whose radius equals r, were found and termed 
as Mandaparidhis. Why the circumferences were found is 
that in all positions of M 1 M 3 , the value of M l M a = r (in as 
much as the corresponding points of the two circles Will be 
as much distant as the centres of the circles from each 
other so that EjE a — MjM a = Constant = r) so that M a 
will always lie on a circle whose centre is M 9 and radius r. 
This circle is known as the Manda-NiohocohaVritta or an 
epicycle, where the word Nioha stands for the P a which is 
nearest the earth, and the compound word Manda- 
Niohoocha-Vritta means that circle which makes the planet 
occupy the Nicha and the Uocha points; the word Manda 
pertains to the Manda-phala or the equation of centre in 
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contradistinction to the word S'ighra which we shall 
shortly deal with. 

In modern astronomy the equation of centre is given 
approximately to be equal to 2e sin m where 'm' stands for 
the mandakendra so that r = 2e. It will be shortly seen 
from a subsequent table that this formulation of the equa- 
tion of centre gives results which closely accord with their 
modern values. The true or apparent positions of the 
Sun and the Moon could be obtained fairly well from the 
above formulation, so that it is stated that ^?3C«*ff ^^t" 
^Ucirt ;n«%;f%ra*iiTr i.e., the Moon and the Sun could ba re- 
ctified by the equation of centre alone." This is quite in 
order for, the Sun and the Moon may be taken to be going 
round the Earth in ellipses, with the earth in one focus, 
the former relatively and the latter directly. 

After having formulated the method of rectification in 
the case of the Sun and the Moon, the next question was 
with respect to the Tara grahas i.e. Mercury, Venus and 
Mars, Jupiter and Saturn. As these are going round the 
Sun and the Sun going round the earth relatively, the 
process of rectification got complicated. In the first ins- 
tance, the ancient astronomers must have tabulated the 
differences between the mean computed positions and the 
observed true positions. In the case of Mercury and Venus, 
the oase appealed different from what it was in the case of 
the other thres planets, for the simple reason that the 
mean positions of the former were taken to coincide with 
the mean Sun. This meant that for rectification, the 
elongation had to be computed and added to or subtracted 
from the mean position of the Sun to get the apparent 
geocentric positions of Mercury and Veans. The analogy 
of the method of the formulation of the Mandaphala is 
taken here also by imagining (1) eccentric circular motion 
and (2) postulating an Uocha. In the case of the Manda- 
phala, the equation was zero when the mean planet coinci- 
ded with the Mandoccha. Here the equation is zero when 
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elongation is zero, i.e. when the apparent geocentric posi- 
tion of the planet coincides with the Sun, who is taken to 
be the , mem planet. Naturally therefore the Uccha is 
taken to confide with the Sun the mean planet, when the 
planet is in conjunction with the Sun. The maximum 
equation -was had in the case of the Maadapbala when the 
arc between the Uccha and the mean planet was a right 
angle. So, here also, the maximum equation i.e. the maxi- 
mum elongation should b* had when the Uccha is a at right 
angle from the Sun. Thus an Uccha was postulated with 
the following criteria namely (1) It should be a point 
moving in a geocentric circle (2) It should coincide in 
direction with the Sun when the planet is in conjunction 
with the Sun (3) It should be removed by a right angle 
from the Sun when the elongation is maximum (3) lb 
should be removed from the Sun by 180°, again when the 
planet coincides in direction with the Sun (4) It should 
have a longitude exceeding that of the Sun by 270 when 
again the elongation is a- maximum on the other side and 
finally (5) It should complete a circle with respect to the 
Sun when again the planet coincides in direction with the 
Sun. 

When such a point was conceived it is clear that this 
Uccha is not the same as the planet, as some have mis 
construed, because while the planet oscillates about the 
bun by a particular angle (29° in the case of Mercury and 
45 in that of Venus) in Uccha completes a circle with 
respects the Sun and further as Hindu Astronomy postu- 
lated geocentric motion, the Uccha is a point construed as 
going in a geocentric circle. By the above postulabion the 
synodic period of the Uccha is equal to the period of oscil- 
lation of the planet about the Sun. But the latter period 
is no other than the synodic period of the planet so that 
the synodic periods of the Uccha and the planet coinciding 
their sidereal periods should be equal. In other words the 
Uccha so conceived is a point other than the planet going 
round m a geocentric circle and having a geocentric side- 
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real period equal to the heliocentric sidereil period which 
a£? aiu means that the geocentric longitude of the Uccha is 
the heliocentric longitude of the Planet. Thus the radius 
vector to the planet from the Sun is parallel to the geocen- 
tric radius vector of the Uccha. This accounts as to how 
the heliocentric sidereal periods of Mercury and Venus 
could be found under a geocentric concept and also as to 
how the heliocentric planets are themselves spoken of 
a3 their respective Ucchas, while their mean planet is the 
same as the Sun. On this count it was inentioned by the 
Hindu Astronomers igiRifr W ^ ^ f f**™ ie * 
The mean Planet of Mercury and Venus is the Sun himself 
where as they are themselves spoken of as their Uocnas. 
The phrase ' they are themselves ' in the above statement 
is significant as it connotes that the word 'they' stands for 
the heliocentric planets, though it was not stated in so 
many words. Shortly we shall see also that the centre of 
the eccentric circle coincides with the centre of the Sun 
also and applying BhasWs statement Wfcl 
msm ** ^e centre of the , cirota in 

which the planet moves does not coincide with that of 
the Earth ' the Sun was, though unwittingly taken as the 
centre of the Planetary motion. Thus we see how even 
the geocentric postulation also could help computation of 
the Planetary positions, the mathematics behind revealing 
heliocentric motion. What Copernicus achieved was that 
he identified that the point about which the planets revol- 
ved which was construed by .the Hindu astronomers as an 
imaginary point not coinciding with the earth's centre, 
was°no other than the Sun himself. 

In the case of Mercury and Venus the so-called 
S'ighra-phala came to be discovered first and we shall pre- 
sently see why their elongation was called S'ighra-phala 
and how the Uccha postulated as above came to be termed 
S'ighroccha. Since initially the equation was to be zero, 
when the Planet and the Uccha coinoided with the Sun 
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and then the elongation has to increase as the Uooha 
gained over the Sun, the initial conjunction was the 
modern Superior conjunction. The other position of the 
Uccha when again the elongation i'e. the equation is Zero 
must be therefore the Inferior conjunction. Also at the 
motion of Superior conjunction, the planet must be having 
the maximum daily motion, as it is clear from a heliocen- 
tric figure that at that point the relative motion of the 
planet with respect to a geocentric observer is the stun of 
the velocities of the planet and the earth. Henee this 
Uccha is spoken of as the S'ighrocoha also because the 
Ucoha being a geocentrically moving point having helio- 
centric angular motion, its velocity is always greater than 
that of its planet namely the Sun. The word Uccha is 
applied because at the Superior conjunction the planet is 
farthest or highest from the earth. The excess of the 
longitude of this Uccha over the longitude of the planet ie. 
the Sun is known as the S'ighrakendra or anomaly as it is 
said in the verse under commentary '^t^T sr^fa 
5Tt E T ^% q[\ Thus in the case of Mercury and Venus, the 
S'lghraphala came to be discovered first. This being dis- 
covered, formulated as will be shortly shown, and applied 
to the mean San as the planet, still it was found that there 
was a difference between the computed position and the 
observed position. Such differences were tabulated. By 
analogy from the case of the Sun and the Moon, it was 
thought that there should be also a Mandoccha here also, 
so that the point indicated by the position of the mean 
planet after being corrected by the equation where the 
above tabulated difference was zero, was identified as the 
Mandoccha. From the H Sine of the maximum difference 
taken as the radius of the Manda epicyole, its circumference 
was then computed. 

In the case of the superior planets, we have already 
said that the geocentric sidereal periods accord with their 
heliocentric ones. Calculating the mean position of the 
planet and finding its difference from the observed true 
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position, such differences were tabulated. It was discovered 
that these difference almost vanished when the planet was 
in conjunction with the Sun and attained a maximum 
when the elongation was nearly a right angle from an 
analogy from the Manda- Karma i.e. process of obtaining 
the Manda- phala. Since the differences attained their maxi- 
mum value when the elongations were nearly a right angle 
it could be seen that the Sun played the part of the Uccha 
in this case. As the Sun has a quicker motion than the 
planet and also as at conjunction the planet has the quick- 
est motion relative to the Earth while it is farthest from 
the Earth the Ucoba ie the Sun here, is termed S'lghroccha. 
The excess of the longitude of the Sun over that of the 
planet is termed accordingly the S'lghra-kendra and the 
S'igbra-phala the equation was formulated as will be shown. 
Applying this S'lghra-phala to the mean position, the diffe- 
rences still found between the position so obtained and the 
observed true position were tabulated. The point indicated 
by the above position where the difference was found to be 
zero, was identified as the Mandocoha, and through the 
maximum difference, the Mandaparidhi was formulated. 

In the above discourse, we have tried to give an 
account of how the originators of Hindu Astronomy 
could give us a workable system. We never assumed that 
an Agama gave us the numbers of sidereal revolutions of 
the planets or the measures of the epicycles Manda or 
S'ighra. But in the explanation given by Bhaskara under 
Bhaganopapatti, one will notice that when Bhaskara gave 
the proof of the Moon's sidereal revolutions,, he said that 
having got the true positions of the Moon on two oonse- 
outive days, the mean positions were computed from the 
true by an inverse process of applying the equation of 
centre, and getting the mean daily motion of the Moon 
from those mean positions, the number of sidereal revolu- 
tions in a Kalpa were obtained. Here the Upapatti or the 
proof adduced by Bhaskara was not a proof but only a 
verification in as much as (1) he assumed the formulation 

18 
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of the Mandaphala from the Sgama without pointing out 
how it was formulated aad (2) he assumed the period of a 
K*lpa and that at the beginning of the Kalpa the planets 
were all in conjunction at the first point of Aries. Similarly 
in the Upapatti adduced by Bhaskara with respect to the 
Mandocchas of the planets, he assumed the formulation of 
S'ighra-phala on the basis of Agama without proving how 
the concept of S'ighra-phala was arrived at by the founders 
of Astronomy and how the difference between the observed 
apparent positions and the computed mean positions, was 
resolved into two equations the Mandaphala and the S'ighra- 
phala. In the proof adduoed with respect to the S'ighroocha 
of Mercury and Venus also Bhaskara did not mention 
anything as to how their heliocentric sidereal periods could 
be obtained but simply assumad the formulation of the 
Mandaphala and S'ighra-phala as already being there on 
the basis of Agama. 

We shall now proceed to describe the method of formu- 
lation of the S'ighra phala with respect to the five Tara- 
graba3, star planets namely Mercury, Venus and Mars, 
Jupiter, Saturn and show how so different a set of geomet- 
ries of the ancients and the moderns the one geocentric 
and the other, heliocentric could give identical formulation 
with respect to S'ighra phala. Let U3 consider the case of 
Mercury and Venus in the first instanoe. 

Having taken the mean Sun to play the part of the 
' G-raha ' in the case of Mercury aud Venus and having 
formed a ooncept of S'ighroocha as mentioned before, whose 
geooentrio period of revolution was determined, without 
suspecting it to be the heliocentrio sidereal period of the 
planet the ancient Hindu astronomers assumed by analogy 
from the case of Mandaphala with respect to the Sun and 
Moon, that the centre of the circle in which these planets 
revolve does not coincide with the centre of the Earth. In 
other words, they continued eccentric circle theory here 
also bo that without suspeoting heliocentric revolution 



their mathematics led to them to make the centre of the 
eccentric circle coincide with the Sun himself. On this 
basis alone it was given to Copernicus to formulate helio- 
centric theory, sponsored by a thought that the Heavenly 
Sun could not be deemed as a satellite of the ' Mundane ' 
Earth. 

(Be f . fig. 9). The same figure 9 will also serve the pur- 
pose to obtain the S'ighraphala, only M t M a will be now on 
the right hand side of the S'lghrocohas A x A 2 , for, the latter 
will be taken to be in alvanoe of the mean planets Kaksha- 
Vrittlya Madhyagraha M 1 (i.e. mean planet of the deferent;) 
and prati-Vrittiya Madhyagraha M 3 (i.e. mean planet of 
the eccentric). The points A, add A 2 are themselves called 
the Kaksha-Vrittiya S'ighroocha and prati-Vrittiya S'igh- 
roscha respectively. As was shown in the case of the 
Mandaphala from the eccentric figure 9, M a N a = 

- H sin (Kendra) so that PN, = ^ H sin (Kendra) X f 
R w iX 

r rr ,rr * x Antyaphalajya X Sighrakendrajya 
= i~ H sin (Kendra) = — "L u ^ ~ • 

X Sighrakarna 

We shall take this for elucidation in the appropriate 
context. 

Verse 19. Three Rasis each of 30° constitute a quad- 
rant, and there are four quadrants in a circle which are res- 
pectively odd, even, odd and even. In the odd quadrants 
the Kendra covered is itself called Bhuja where%3 in the 
even ones, the complement there 3f is called Bhuja. Also, 
the complement of the Bhuja is oalled the Koti. 

Verse 20. 6 — H sine = Co. H versine and R — 
H cosine = H versine and R — Co. H versine = H sine, 
R — H versine = H cosine. 

Verse 21. Also VR sr -^H~sine T = H cosine, 



VR a - H cosi ne 3 = H sine . Similarly ^ R a - Kraatijya* 
= Dyujya, ^R a - Dyujya 9 = Krantijya; ^R* — Drig-jya* 
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n TJ aQ h kU *^ a_ f ankul = Dcig -^- la aI > «* case, 
oiled above, the radins B happens to be the hypotenuse. 

Comm. The convention in verse 19 corresponds to 
saying in modern trigonometry that sin 90~+7» = oos fl 
Bin (180 - 0) einj^in W + Q = - eia , sin 

7 ~J°l 9 9in 270 + 9 = ~ 003 0, sin 38U^0 = _ gi - fl 
In Hindu trigonometry the sign is nnderetood and not 
exphoitty mentioned. 

vely H sm 8, H oos 8, H sin Z, H oos Z where 8 is deei 
nation and Z the Zenith-distance of a oelesi b £ 

radins of the diurnal circle of a celestial would be equal 
o B X oos g = H oos g which is called Dyujys because it 
is the radius of the diurnal circle. oeoause it 



, 6 leng ' ha ° f the o^onmferences of the 
W ^Tm**1 re8 P eoti ^ 13' -40', 31° -36', 
70 , 88 , 33 , 60 * for the Sun, Moon, Mars, Mercury 
Jupiter, Venus and Saturn. mercury t 

Comm. Bhaskara has given these measures reportedly 
on the basis of Agama or ancient authority. The peculiarity 
of measuring the circumferences in degress less than 360° 
is due to the idea that these circumstances are measured in 
relation to that of the deferent or Kaksha Vritta taken to be 
360 . In other words, oircumference of the epicycle of a 
planet as given above : circumference of the mean orbit • • 
x : 360 = radius of the epicycle : radius of the mean orbit 
where * is the measure of the circumference of the planet- 
ary epicycle It may be mentioned once again that the 
radins of a planetar y epicycle is the measure of the greatest 

* The printed book of Brahma Sohuta KiAAUs*^ - ■ 
have been 3£f ^TOJT: . ™' lt w Sht to 
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equation of centre pertaining to the planet whioh may be 
taken to be equal to 2e as a first approximation where e is 
the eccentricity of the elliptic orbit of the planet. 

It may be further mentioned here that in SQrya- 
siddhanta, as well as elsewhere in this work, the circum- 
ferences are given to vary continuously. This variability 
curiously achieves ellipticity in the orbit as may be seen 
as follows. 

In the oase of the Sun, the epicycle ha3 a periphery 
of 14° when m = or 180° and of 13|° when m = 90° or 
270 according to Suryasiddhanta, where m is the Mauda- 
kendra or mean anomaly. At any arbitrary point, where 




Fig. 10 
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the mean anomaly is m the periphery is given to be 

140 _ 20' H sin m. The correspon ^i n g ra diu3 will there- 
R 

fore be r - — H si " m = r - H sin m (say) where r = 

~ (Ref. fig. 10) Let £ be the earth's centre^Ttne posi- 
277 

tion of the apogee EE! = the radius of the epicycle meas- 
ured along 6A, B any arbitrary position of the mean planet 
and b the position of the planet in the epicycle. Here the 
radius Bb is not equal to the max. radius equal to EE, i.e. 
r but equal to r -^H sin m. Take E t as the origin and 
EjA as the y— axis and a perpendicular to E,A through E, 
namely E t x as the positive direction of the X-axis. If the 
mean anomaly BEA be m, thea the coordinates of the true 
planet are given by x = BL = H sin m (l),y = E t L -f 
Bb = EL — EE t + r - X H sin m = H cos m — r + {r — 
X H sin m = H cos m — Ax. 



.-. y 4- Ax=H cos m (2) Squaring and adding(j[J 
and(g)x 2 + (y + te? = H sin a m + H oos a m =E 9 

• x a (I _f_ 2^xy + y a = B 3 which is an ellipse 
with centre Ej 



Verses 23, 2 1, 25. The peripheries of S'ighra epioycles. 
The peripheries of the epicycles of the star-planets Mars, 
Mercury, Jupiter, Venus and Saturn are respectively 
243°-40',' 132°, 68°, 258° and 40°. The H sine of the Manda 
mean anomaly of Venus being multiplied by 2 and divided 
by 343, and the result being subtracted from the periphery 
gives the rectified Manda periphery. The H sine of its 
Sftghra mean anomaly being multiplied by 5 and divided 
by R, and the result being added to the S'ighra periphery 
gives the rectified periphery. The smaller of the H sine or 
H cosiue of the Sfighra anomaly of Mars being multiplied 
by 6| and divided by H sin 45° and the result in degrees 
being subtracted from or added to as the oase may be, 
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the aphelion gives the rectified aphelion. The S'Ighra peri- 
phery being reduced by the above degrees gives the rectified 
S'Ighra periphery in case the S'lghra anomaly is 90° < ra 
< 180 or 270° < m< 360°. 

Comm. In the commentary Bhaskara adds that in the 
case of Venus the Mandaperiphery of 11° as given is at the 
end of even quadrants whereas at the end of odd quadrants 
it is 9° wherefore the enunciated rectification. Similarly 
in the case of his S'lghraphala, the periphery of 245° men- 
tioned is at the end of even quadrants whereas at the end 
of odd quadrants it is 263°, and so the suggested rectifica- 
tion. Again in the case of Mars, the aphelion as computed 
is the same at the end of all quadrants whereas in th« 
middle of the quadrants it is to ba increased or decreased 
by 6|° when the anomaly is as stated. Also in the oasa of 
this Mars, the S'Ighra periphery mentioned is at the ends of 
quadrants. In the middle of the quadrants the periphery 
is to be reduced as suggested. In all these interpolations 
Bhaskara aocepts the Xgama as enunciated by Brahma- 
gupta. 

We shall deal with the geometrical nature of these 
Sfrghra peripheries shortly in the appropriate plaoe. 

Verse 26. To obtain what are called Bhujaphala and 
Kotiphala both in the case of Mandaphalaas well as S'lghra- 
phala. The H sine and H cosine of the Manda or S'Ighra 
anomalies multiplied by the respective peripheries and 
divided by 360°, or multiplied by r and divided by R gives 
the Bhujaphala or Kotiphala where r and R are respectively 
the radius of the Manda or S'lghra peripheries and R the 
radius of the deferent taken to be 3438'. If the radios 
3438' be respectively multiplied by the Manda or S'lghra 
peripheries and divided by 360°, the result will be the H sine 
of the maximum Mandaphala or S'lghraphala, known as 
Antyaphalajya in either case. 
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Comm. As per the formulation. 

H sin m X c H sin m X r 



Bhujaphala = 
Eotiphala « 



360 E 
H cos m X c H cos m X r 



360 R 

in the caee of Mandaphala or S'lghraphala where o = peri- 
phery of the Manda or S'lghra periphery, r=Antyapbalajy§ 
defined above R = 3438' and m stands for the Manda or 
Sftghra anomaly. These Bhujaphala and Eotiphala will 
be used in their respective context3. 

Verses 27, 28, 29. Calculation of what is known as 
S'lghra karna. 

(H Cos m ± r) 3 + H 8in a m = K a (1) 
(R ± Eotiphala) 3 + Bhujaphala 3 = E 3 (2) 
R 9 + r a ± 2 R X Eotiphala = E a (3) 
R 3 + r 3 ± 2 r X H Cos m = E a (4) 

The -arc of the H Sine of the equation of centre is 
oalled the Mandaphala. 

Comm. Ref. fig. 9. From triangle E^Mg (E^ -f 
M^) 9 + M^* = E^ 3 = E 3 . But M X N 3 = Eotiphala 
and M a N 3 — Bhujaphala defined previously so that we have 
the second formula for E enunciated above. From the 
similarity of the triangles E^Qj and M,M a N a we have 
M N M M r 

M^ = E^M* 80 that M * N » = R X ' 8ince M & is 
oalled the Bhuja, the corresponding M a N 3 in the Antya- 
pbalajya triangle is called the Bhujaphala, Similarly 
M t N 9 is called the Eotiphala. 

Again (E.Q, + QM* + M 9 Q a 9 = EjM a a where E,Q t - 
H Cos m, Q.Q, = M.N, = r and M fl Q a = M.Q^H Sin m. 
From this we have the first formula enunoiated. 
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Again expanding (B,M t + M,N a ) 9 , (B t M» 4- M,N,) a 
4- M 9 N, 9 = BiMa* we have the third formula ; similarly 
expanding (E,Q 1 4- Q>Q 9 ) 2 , (E^ + Q,Q a ) 3 4- M a Q 9 3 « 
EiMa* we have the fourth formula. 

Since the Sfrgbraphala has been defined to be equal to 

^ H Sin m, we have had the necessity of knowing the 
K 

value of K The convention of signs mentioned in the 
formulation in the words '*Wt qiflW %*W*T 
iB due to the fact that cosine is positive in the fourth and 
first Quadrants and that the Kotiphala becomes negative 
in the 2nd and 3rd Quadrants as could be seen by draw- 
ing the figure in those Quadrants. 

Now we shall prove what is most important, namely 
that postulating an entirely different geooentric motion 
how the Hindu Astronomers could formulate the S'lghra- 
phala which accords exactly with the heliocentric theory, 
assuming of course co planar circular orbits. Let figures 
11 and 12 pertain to the modern heliocentric geometry, 




Fig. n Fig. 12 



the former with respect to the Inferior planets Mercury 
and Venus signified by V, and the latter to the superior 
planets Mars, Jupiter and Saturn signified by J. Let fig. 18 
pertain to the Hindu geocentric geometry dealing with 
both the Inferior and Superior planets as well. In the 
heliocentrio figures let S-Sun, E = Earth, SA— directon to 
Aswini,, the Zero-point of the Zodiac from the Sun, EA 1 ^ 
19 
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A Z 




FIG. © 

geocentric direction towards Aswini. Let SV, BV 1 , be the 
heliocentric and geocentric directions of the S'lghroccha 
where V is the actual planet and V 1 an imaginary point. 
Draw EJ' |^ to SJ. Let the radiu3 of the inner and outer 
heliocentric circles be respectively r and R. Let K be the 
radius vector to the planet in both the figures. 

Let in fig. 13, E^Earth's centre, E» = the oentre of 
the eccentric circle which we Bhall presently Bhow to be 
coinciding with the Sun's position. Let M,, Ma represent 
the mean planets in the deferent and the eccentric known as 
Kaksha-Vrittlya Madhyagraba and prati-Vrittlya Madhya- 
graha. Let Ai, A s be the S'rghroochas in the deferent and 
the eccentric Let E,E fl = r known as Antyaphalajya" and 
R the radius of both the deferent and the eccentric. Let K 
be the radius veotor to the planet known as S'rghra Karna. 
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We shall prove that m the S'lghra anomaly of the Hindu 
figure will be the same a3 'm* as marked in the heliocentric 
figures. S'lghra anomaly is defined as longitude of Sfrgh- 



S\ A 



roGoha— longitude of the planet — A, — aEiM^a^E a A 2 -- 

a 1 E^M 9 ==m(fig. I3.\ln the heliocentric fig. 11, siuoe A l EV* 

is the longitude of the Sftghroccha, and A 1 E S the longitude 
of the Sun treated as the Madhyagraha of the Inferior 

planet A'EV 1 - A J E3- V'ES^ V^S'^m-the S'lghra ano- 
maly. In fig 12, m=S 1 SJ = s£j = A^S-A^J 1 = A l ES- 

aIs J = Longitude of the San treated as the Sfrghroocha 
of the Superior planet minus longitude of the heliocentric 
planet known as Mandasphutagraha or the planet rectified 
for the Mandaphala or equation of centre=S'lghra anomaly 
In the case of the Inferior planet the heliocentric direction 
of the planet is equal to the S'lghroocha. How consider the 
triangles ESV, JSE, E 1 M i M a of the three figures. Evidently 

ESV = J eTe = Ei Mi M 2 = 180 - m = Supplement of 
Sftghra anomaly. If, further it is shown and (it will be 

shown subsequently) ~ - ~- t = the similarity 

Qjji O J ill I ill ! 

of the triangle E,MiM geocentric figure separately with 
ESV and JSV will have been established. Taking this 



similarity to have been established, M, E M 2 known as 



S'lghraphala will be equal to SEV in fig, 11 and SJE in 
fig. 12. In fig. 13, M a the prativritta Madhagraha is also 
known as the paramarthikagraha or the actual planet where 
as p its geocentrio position on the Kakshamandala is taken 
to be the true planet or apparent position of the planet. In 
figures 11 and 12, EV and EJ are the directions to the 
true planets V and J so that the angles between the Sphuta- 
graha and the Madhyagraha (ie the Manda Sphutagraha = 
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ATfiV-A^S-SEV (in fig 11) an d = AVE J — AS J ==S J V"== 
Slghraphala. Once the similarity of the triangles fig. 12 iB 
established, the equality of the Slghraphala will be establi- 
shed. Also due to the similarity mentioned above the for- 
mulae for K as given in Hindu Astronomy should also 
accord with that in the heliocentric figures. In fact in the 
heliocentric figures K 2 = R a + r* + 2Rr cosm = R +r + 
2RH oosm which is indentioal with the four formulae given 
before as per verses 27, 28, 29. It will be seen that the 
epicycle (MO with radius MiM 2 will be identical with the 
inner circles in the heliocentric circles, whereas the 
Kakshamandal (EJ with radius R will be identical with the 
outer circles of the heliocentric figures. 

Before we proceed further, we shall annex the table 
wherein the ratio r/R w given in Hindu Astronomy will be 
seen to accord with that in modern astronomy. 



& S3 

o „ 

S ? 

© ja .3 49 

> 



Planet 



Periphery 
of the 
S'lghra- 
epicycle 



Periphery 

of the 
deferent 



Ratio 



o S o 



Mercury j 


132° 


360° 


| 132— -Q7 


•387 


Venus j 


258° 


360° 


1 '716 | 


•723 


Mars 


243|° 


365° 


1-5 J 


1-62 


Jupiter 


68° 


360° 


; 5*3 


5*2 


Saturn 


40° 


360° 


1 9 


9*6 



In the light of this table the similarity of the triangles 
ESV, and JSE with E»MiM» ia now established. 
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Formula for S'lgbraphala from the heliocentric figures 

In fig. 11, g. .= ain ESV bo that Bin SEV = 



L X sin m 
K 



ein SJE ^ r • 

Infig.l2^ = ^ bo that Bin SJE- g .mm 

& sin BSJ 
Both these aooord with the Hindu formula. 

It will be interesting to point out here that in fig 11 , 
keeping the earth constant and supposing the San 8 to go 
L a P ci ele with centre E and radius ES, the orbit o the 
Inferior planet V will play the part of the epicycle of 
stdu Astronomy. Thus in the case of the Manor planets, 
the epicyclic theory is only a different version of the helio- 
centric theory. In the case of the Superior , , anets how- 
ever (fig 12) cut off EJ'=SJ along EJ'parallel to SJ, then 
W w 11 be parallel to ES just as M,M a is parallel to E.E, in 
fig 13. Then the circle with E as centre and BJ* as adm 
corresponds to the deferent of fig 13, whereas the circle (J) 
Tith centre J 1 and radius J'J corresponds to the epicycle 
The circle with S as centre and radius SJ corresponds to 
the eccentric. 

Terse 30 The equation of c^tre_per^ng_toJhe 

Sun and thn M^^j^ler table ° f H ^ 
t^eladiu7=T2Tn^s^h7FSn7s of the mean anomaly 

tX^t^L ^f C^and theWon in 
degrees. 

G0mm . The maximum equation of centr, 

L u g \ a o° m'-Sl" Then the argument is U oy soe 

g re!" t an'omal equa T l to the radius 120, we have the 

i. * shall we have for H. sin m * • 

above max. equation what snail we ua 
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mu fl , ■ HsinmX 2°-10'-31" 2&V ^ „ • 
The answer is — — = |»o x H sin m 

LAO 1 
very approximately = ^* H sin m = H sin m 

Similarly in the caee of the Moon, the maximum equation 
of centre is 5 9 -2'-8". By the same argument a3 above we 
H sin m X 1133 H sin m X 20 H sin m X 20 



have 



225X120 54000 477 

1133 



Verse 31. Rectification of the mean daily motion of 
the Sun and the Moon. 

The H cosine of the mean anomaly divided by 64 in 
the case of the Sun and in the case of the Moon multiplied 
by 4 and divided by 7 gives the increment or decrement in 
the respective mean motions aocording as 90^ < m < 270 or 
270 < m < 360 + 90. 

Comm. We have Equation of centre = — H sin m = 

R 

E (say) so that differentiating SE = ~ H cosm But 

R ' R 

^ H cosm is called kotiphala and £m is called Kendra 
Jbv 

gati so that 8B = ggtipLal j, X Keadragat i. ginoe ^ 

R 

phala is negative when 90 < m <270 $E is negative but in 
Hindu Astronomy we measure the Kendra not from perigee 
as in modern astronomy but from aphelion so that the equ- 
ation of centre is strictly — H sin m if sign is also 

R 

taken into consideration. Henoe $E must be + ve. Since 
M + E = S where M is the meaa planet, E the equation of 
centre and S the true planet $S=§m+§E so that the true 
motion is equal to the mean motion plus $E. As gE is-f ve 
when 90 < m < 270 as mentioned above we have to add 
this to the mean motion to get the true motion. This §E 
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is called gatiphala or what is to be added to the mean 
motion to give the true motion. Incidentally we have 
commented on the contents of verse 37. 

Verse 32. The S'ighra phala with respect to the Star- 
planets. 

H sin m X r being mil ]feipiied by the radius B or 
R 

the product of H sin m and r being divided by K the arc of 
the result gives the S'ighraphala. 

Comm. In the verse it is mentioned that the product 
of the Bhujaphala and the radius is divided by K so that the 

formula for the Bhujaphala being H Sm ^ X f the S'lghra- 
phalajya will be H 9m m X r which is stated in the alter- 
native. We have already derived this formula before where 
we got H sin E 9 = H sia g X r ' The arc of this will be 

E 8 i.e. the S'lghra-phala, (E 9 because we take E x as the 
Mandaphala). 

Verses 33 and 34. An alternative formulation of 
S'lghra-phala. 

Hsinm being multiplied by R and divided by K 
and the difference between the arc of the result and 
H Bin m will be the S'ighra -phala. Here H sin m belongs 
to the eccentric. The arc of the maximum S'ighra- phala jya 
added to or subtracted from 90° will give respectively the 
Quadrants and the H sine will have to be taken of the 
elapsed Kendra or its Koti according as the Quadrant is o$B 
or even. 

Comm. Ref. fig. 13. From the similarity of the tri- 
angles El M,N <"> a E ' PM - s| = {£ = I " PM 



§ X M.N 
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But PM is the E sine of m 1 where m 1 is called Sphuta-r 
kendra (m is called the madhya-Kendra). Hence 

H sin m 1 = — X M 3 N= — X Bhujajya (in the eccentric) 
ix K 

.". m 1 = HSin" 1 (| X Bhujajya) = PA t 

.*. MjP = S'ighraphala = M 1 A 1 - PAj = Kakshya- 
mandala Bahu minus the cbapa m 1 — Here a clear under- 
standing of the word Bahu or what is the same Bhuja Bhould 
be had. The arc pertaining to the angle m in the eccentric 
is known as the Bahu in the eccentric and that to the 
angle m in the deferent as the Bahu in the deferent. When* 
O<m<90, m is itself spoken of as Bahu; when 90<m<180, 
180— m is spoken of as the Bahu; when 180<m<270, 
m - 180 is the Bahu and when 270 < in < 360, 360 -m is 
the Bahu. Thus the Bahu is that angle whose H sine will 
be H sin m numerically. When it is said in the verse 
' f^JTTOT ^rgar 3pl3?TT ' the word Bhuja is the arc M a A 3 as is 
mentioned in the same verse 1 iNfcsr Sig: nfaga^^?'. The 
second part of the verse divides the eccentric circle into 
such quadrants that in them S'lgbraphala increases from 
Zero to a maximum, decreases again from a maximum to 
zero, again in creases from zero to a maximum and again 
decreases from a maximum to zero. Thus at A a of the 
eccentric the S'ighraphala is zero; at a 1} it is a maximum 
namely the arc b^ where H sin b 1 o 1 =a 1 o 1 = r ; Thus in 
the course of A a a x the arc of the eccentric the S'ighraphala 
gradually increases from zero to a maximum and in the 
oourse of a x a a the S'ighraphala decreases from a max to zero. 
Again from aa to a a it increases from » zero to a max and 
from a, to A 8 it deoreases from the maximum to zero. Thus 
the quadrants in the case of Sighrapbala arc not of 90° but 
arcs A a a lf a^, a a a 3 and a 3 A a which are respectively of mag- 
nitude 90° + H Sin"V, 90 — H Sin" 1 *-, 90 — H Sin"V and 
90+H Sin~V. In the oase of Mandaphala also, the quadrants 
should have been of the same magnitude if the so-called 
Karnanupafca has been postulated i.e. reducing the Manda- 
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phala from the extremity of the Kama to the extremity of 
the radius in the deferent; but as this KarnanupSta is not 
adopted, the difference being negligible the quadrants are 
all of equal magnitude i.e. each of 90°. 

In the oourse of the commentary of this verse BhSskara 
mentions that for Mercury, as the maximum S'ighraphala is 
21 -31'-43 ff , the quadrants aro of magnitude 3-21-31-43, 
2-8-28-17, 2-8-28-17 and 3-21-31-43 respectively. 

Also in the commentary Bhaskara adds that a ( which 
is the point of interseotiou of the eccentric with the hori- 
zontal diameter the S'ighraphala is maximum and 
that at that point the mean motion is itself the true motion 
''«.9nra«if?r5NnsifN^wl , > nwfa ufa: wgT it m a* 
". That the S'ighraphala at ai and a B is maximum is 
clear from the figure 13, where it is equal to the arcs bjOj and 
bjO a whose H eine is equal to r. To prove that the mean 
motion is itself the true motion, we have the equation 
M a + E fl = S where M 2 is the mean planet here or the 
Mandasphutagraha or planet rectified for the equation of 
centre, (by the equation M l +E 1 =M a , M, being the original 
mean planet and E! the equation of centre) so that £M fl -fSE t 
= gS where gMa is the mean motion here, £8 the true 
motion and §M a is the variation in the S'ighraphala; but at 
a, and a 8 E E the S'ighraphala being maximum §E a is zero. 
Hence §M a = §S which means that the mean motion is 
itself the true motion. 

Verse 34. Latter half, 36 and 36 former half. 

The mean planet rectified for the equation of centre or 
Manda-phala is called Mandasphuta. Then subtracting the 
longitude of the Mandasphuta from that of the respective 
S'lghrocoha, the result will be the S'ighra anomaly from 
which the S'lghra-phala is to be obtained. Rectifying the 
Mandasphuta for this second equation namely S'ighraphala, 
again obtaining therefrom the equation of centre effecting 

90 
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this in the original mean planet and again correcting for 
S'lghrapbala and repeating the process till a constant value 
is obtained, the true planet is had with respect to the star- 
planets other than Mars. But with respect to Mars, let 
first the mean planet be corrected for half of the equation 
of centre. Then make half of the correction of Sftghraphala, 
Take the resulting planet to be the mean planet and again 
finding the equation of centre, make this whole correction 
in the original mean planet. Again taking the resulting 
planet to be the Mandasphuta effect the entire S'lghrapbala. 
Then we have the true planet. 

Comm. The Suryasiddhanta stipulates the same kind 
of correction in the case of all the star-planets. " trETsj 
sir^ 5^: np^ ttsr^ %Rr gigf^ra, % §sn#fT 

5ftETT»& 51% II " i.e. In the first place half of the S'lghra- 
phala is to be effected in the mean planet; taking that to 
be the mean planet and computing the equation of centre 
half of it is administered; taking the resulting to be the 
mean planet and computing the equation of centre, the 
entire equation of centre is now to be administered in the 
original mean planet; taking the result to be the Manda- 
ephutagraha, and computing the S'lghraphala, it is to be 
administered in full in the Mandasphuta. Then we have 
the true planet. 

In modern astronomy, the equation of centre is first 
done and the result will be the planet in its heliooentric 
elliptic orbit. To reduoe it to the geocentric position, the 
Becond correction is made which corresponds to the Hindu 
S'lghraphala. Thus the two corrections administered suc- 
cessively gives the apparent or true geocentric planet. 

; Though the mutual relationship as conceived between 
the equation of centre and the S'lghraphala in Hindu Astro- 
nomy is deemed irrational by modern interpreters of Hindu 
Astronomy, there is some rationale in the process as et- 
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plained by this author in his work ' A oritioal study of 
Ancient Hindu Astronomy' (published by the Karnatak 
University) page 98. 

Verse, Cited from Goladhyaya. 

The equation of centre is to be applied to the mean 
planet to obtain the centre of the S'ighraepioycle; then to 
obtain the true position the Sfrgbraphala is to applied to the 
Mandasphutagraha; hence the two equations are mutually 
related so that the true position is obtained after repeated 
application of the two equations. 

Comm. Explained above. 

Verse 36 latter half and 37. The true daily motion 
of the planet is the excess of the longitude of the true planet 
of the next day over that of the true planet of the previous 
day. 

The Kotiphala being multiplied by the daily motion of 
the Manda mean anomaly and divided by the radius, and 
the result being added to or subtracted from the mean 
motion, gives what is called Mandasphutagati. 

Comm. Already explained before. If M ti M a and 8 be 
the mean planet, Mandasphutagraha, and the true planet 
respectively, and if E! and E 2 be respectively the two equa- 
tions, then 

M.+E^M,, M a +E a =S so that 

BM^gE^SM, and gM a +SE a ^S 

Here gMj=mean daily motion, gE t =daily variation 
in the Mandaphala, gM a =daily motion of the Mandasphuta 
graha or what is the same Mandasphutagati, £E a ^ daily 
variation in the second equation and $S = True daily 
motion. 
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Lallaoharya formulates the Mandasphutagati in a 
different manner which is equally correct (Ref. verse 45 
Spastadhikara Sisyadhi Vriddhida "ftssnCT X&ifo; 

33***^ ^?SKT «n% " i. e. ^ m K X B = Mandasphuta- 
gati where $m=*Madhyagati or mean motion and K is the 
Manda Karna equal to ^f^ + gfif cos m 

.'. Mandasphutagati = 
gm xR _ ^ 

V 1 * 8 I + £ = 8m ( 1 ± I ooe m ) 

= fr m ( 1 + - cos m ) , . . L . 
. \ 1 R / neglecting the smaller term 

r 9 

~~ 2R 5 w i'bin brackets 

= + rH ^. m ^ &m-8m+lH~!JP X ^ 

R R 

— 5tm Z & 0ti P nala X Mandakendragati 

— om + — - — 2 — as g IV en by 

Bhaskara. 

Verse 38. In the case of the Moon, obtaining the true 
Moon for a particular moment and his daily motion for the 
day, the ending moment of the tithi near at hand is to be 
computed with that daily motion, and the method of suc- 
cessive approximations is to be used to rectify the ending 
moment. In the case of the ending moment of the tithi be- 
ing sufficiently far away, then it does not matter even if 
the above daily motion is applied to get the approximate 
ending moment. In as much as the Moon's daily motion is 
great and varies from moment to moment the motion 
at the moment is to be used. 

Comm. Strictly speaking the ending moment of every 
tithi is to be computed by the method of successive approxi- 
mation. That is why in the computation of eclipses, 
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Moon's hourly motion is given in modern almanacs. Since 
it is very cumbrous to use the methodM successive approxi- 
mation to determine the ending moment of every tithi, the 
Hindu almanac- makers generally compute the ending 
moment of a tithi using the daily motion of the moon 
computed for the moment of Sun-rise of the day. Only for 
ritual purposes, the method of successive approximation is 
used and also in the computation of eclipses. 

Verse 39. Computation of the S'ighragatiphala. 
gl _ Hsin(90-B a )XS m _ g8 where g , ^ ^ ^ 

motion of the Sftghrocoha, E a = S'ighraphala, §m = daily 
motion in the S?ighra mean anomaly, K = S'ighrakarna, 
and gS the true motion of the planet. If is negative the 
planet is retrograde. 

Comm. This is mathematically an important verse, 
and the proof given by Bhaskara really reflects his 
genius. Before we attend to his proof, we shall give this a 
modern treatment. (Kef. figs. 14, 15). SA and EA 1 are the 




E 

Fig. 14 



heliooentric and geocentric directions to Aswini the Hindu 
Zero-point of the Zodiac; S — Sun, E = Earth; V = In- 
ferior planet Venus or Mercury; J = Superior planet; E = 
SJlghra-phala, K = Sftghra Karna; M = S'lghra anomaly. 



Fig. 15 



True motion of the planets = £ (A'EV) or g (A'EJ) ; 
But ^(A'EVHB (A'EV'-n) and 8 (A X EJ) = $ (A'JSS-n) 

In the case of the Inferior planet ft (A 1 EV 1 ) = g (ASV) 
= S^Tghrooohagati and §n is Sphutakendragati where n is 
.called Sphntakendra, m being oalled Madbyakendra. In 
the case of the Superior planet g (A'ES) = S'lghrocchagati 
because the Sun plays the part of S'lghroccha in the case of 
a Superior planet and gn = Sphutakendragati as before. 
Hence in both the cases, Sphufcagati=S'ighragati— Sphuta- 
kendragati. We have now to find Sphutakendragati to 
obtain Sphutagati, as Bhaskara remarks rightly "JTfW%H- 
vre^m In other words we have to find 
gn. From the figures K cosn — R cos m = r (i) Differentia- 
ting this we have — K sin n $n + cos n $K + R sin m 
= (ii). But K 2 = R 2 + r* + 2Rr cos m so that 2$K X K 
— _ 2Rr sin mg m (3) Eliminating between (2) and 



(3) - K sin ng n 



Rr sin mfi m X cos n 



-J- R sin m$m = 



K 




R Bin m^m 
K 



(K — r cos n) 
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But K — r cos n = R cos E. 

^ R sin mgm X R cos E ,, t< "". ^ . 

.. $n = " , But R sin m = K sin n 

K sin n 

^ ,,. ^ R cos Eftm H cos E ftm . N , 

Cancelling gn = = — . as. given by 

ix ix 

Bhaskara. In the formula H sin E = r H " n m , Bhaskara 

K 

perceived the variability of both H sin, m an& It on 
the right hand side and he exclaims ' e 3 ft %pj£*rRia!ifa 

?a^sfq ^6t *n3*res ^ff^m s^arc **rrT^a^T?ptf fe^ir 
i^nrfawr^: «f!<TOiii atpn %fsC*l%^ *<TCtear" i.e. "The 
variation in the S'lghraphala is not entirely constituted. 

by the variation in m but also by that in K .So 

leaving the method of seeking $E through the formula 

H sin E = f H si n m ^ g rea t intelligent astronomers 
used the formula. 

Sphutabhukti = S'lghra Bhukti — Sphuta Kendra- 
bhukti (Bhukti means gati) wherein it was^sought to obtain 

the variation in Sphutakendra i.e. n in the figures. 

We have given a proof of Bhaskara's formula, whioh 
circumvented finding S'lghragatiphala but whioh sought 
direotly Sphutabhukti, by using the modern heliocentric 
figures. We shall now see how Bhaskara could deal with 
such a tough problem. Refer fig 16. Let P„ P 9 be two 
positions of the planet on two oonseoutive days relatim»fco 
the S'lghra A a> so that PjEJ*,, is the Sphuta Kendragabi 
spoken of. It will be noted that it is not Sphutagati be- 
cause P„ P 2 are positions* of the planet relative to A, whioh 
is itself moving (as rightly remarked by Bhaskara}. It is 
Sphuta Kendragati because A^P, and A.E^ are the 
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Kendras on two consecutive 
days whereas Madhyakendragati 

is P^jP,. Also, we have the 
equation. 

S'lghra — Sphutagraha = 
Sphutakendra so that S'lghra- 
gati — Sphutagati = Sphuta- 
kendragati. Hence Sphutagati 
= S'ighragati — Sphutakendra- 
gati. So we have now to seek 

the value of P^P,. Let P,a stand for the S'lghra- 
phala of the first day which is equal to e f, f being the true 
planet of the first day. E a d will be parallel to E x f because 
P 4 e being parallel to E t E 2 and e f being equal to P, d, d f 
11 Pi e (parallels to Ei Ea cut off equal arcs on the two 
circles). This may be seen also as follows. Since P x d is 
taken to be equal to e f , e being the mean planet and f the 

true on the first day e E, f = P, E a d. But E, e 11 E 2 P, 

.". e E, f = E, P, E a /. P x E a d = B, P t E a and alter- 
nate angles being equal E, P, 11 E a d. P, a is the H sine 
of P 1 d where P a b is the H sine P a d. Looking upon P t P 2 
as an increment in P, d i.e. looking upon the Kendragati 

P, E 9 P, as an increment in S'lghraphala, Bhaskara uses 
the method of Bhogyakhanda sphuti Karana to obtain the 
Sphutakendragati, From the figure. 

P a c = P 9 b — P,a = H sin (Q + 8m) — H sin E 

_ H_sin E H cos dm+ H cos E H sin $m _ rr • ™ 
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Taking H oos 8 M = R and H sin 8m = 8m 

t) H oos E 8m mL . . ... , , „ . 
P 2 o = " This is ab the end of E t P a i.e. 

at the end of K; so to get the corresponding chord in 
the deferent we do Karnanupata so that the result is 
H cos E 8m R H oos E 8m , , DL . 
R K = K aS glVen y ■ Bil5akara - 

We have out short Bhaskara's method of Bhogyakhanda 
Sphutlkarana to make it clear to a modern student. Sinoe 
P a c is small, passing on from the H sine to the aro is not 
necessary, for, the H sine of a small arc is equal to the arc 
itself. 

Bhaskara's argument, however, is as follows:— "If for 
225, we have Bhogya Khanda, what for 8m? " The result 

is — kS— ' Tnen B is reotified as follows:—" When the 

H cosine E is equal to the radius, i.e. initially in the H sine 
table, the Bhogyakhanda is 225, then what is it for H oos E?" 
The result is H cos E X 225 whioll Wfl haya fio au b 8 6itute 

Jti 

for B. Then if this be at the end of K what is it at 

the end of R ? " The result is H cos E X 225 x §5 X 

R 225 

R H cos E X 8m 

- = _ _ as given. 

Before we proceed to explain ' ^ ^ ^tB^ forfta^tft \ 
we shall explain what Bhaskara pointed out as a mistake in 
Lallacharya. 

Verse 40. Let Mathematicians understand that what 
formula was given by Lallacharya for S'lghragatiphala is 
not correct. When the anomaly is 90° or 270°, the gati- 
phala vanishes and there will be gatiphala at the points 
where it ought to be Zero according to his formula. 

21 
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Comm. Ref. verse 45, Spasfcadhikara, Sisya Dhl- 
vrddhida cTsC^T^S^f% fesTTCT Wra^nmsss^rnw^ 

*«j£r*refa srfgfa&wi " i.e. 

( sffarTfa-W^ ^ JTTTa ) X R Sfighraphala Bhogyakanda 

K X 225 

== S^ighragatipbala. 

Here tbe quantity witbin the brackets is gm. What 
Lallaoharya bad in bia mind is as follows. ' If for tbe Adya 
Khanda 225 we have H ooa E — R, what shall we have for 
tbe Bhogya Khanda of tbe S'lgbraphala ? " Tbe result 

would be [ H Bin (E + 225) - H sin E j X ~ = 

/HsinEHcos 225 + HcosEHsin 225-HsinE\ v R 

{ - R ) X 225 

Taking H cos 225 = R and H sin 225 = 225 it would be 

Hog^E x 225 X ~~ = H cos E. So Lallacharya's 

formula would become ~r X H cos E as given by Bhas- 

kara. The charge levelled at Lallaobarya is due to the fact 
that by the word ' A^u-chapa ' by which Lallaoharya meant 
' sffrejW^IT ' Bhaskara meant ' 3?T^J%?3^TT ' . When the 
Kendra — 90 or 270, the Bhogyakhanda being Zero, the 
S'lghragatiphala would be Zero. Also where it ought to be 
aero namely (90 + H sinV) & (270 — H sinV) it would not 
be zero. If Lallaoharya had really meant what Bhaskara 

allributed to him, the formula would be H °°8 m fim and 

& 

it is very unlikely that Lallaoharya would have meant this 
wrong formula, for, even if K were taken by him to be 

n <x ir H sin m\ r H oos m$m , r „_ , 
steady, g j = ~ k — Lallachar- 
ya's formula does not contain V. The only non-rigorous 
part in Lallacharya's formula is at the point where he took 



H cos 225 = B and H sin 226 = 225 whioh is rather crude. 
Bhaskara of course improved on this crudeness by taking 
to be an increment in E. 

In the commentary under this verse, Bhaskara, 
having misinterpreted Lallacharya's phrase sfig^TO as 
meaning 3rT$J%*^nT and not as srngqtmPT which was 
in the mind of Lallaoharya, goes on recounting examples 
where the wrong formula attributed to him would give 
wrong results. So, we need not enter into those details. 

Now we shall correlate Bhaskara's formula with its 
modern counterpart. Assuming coplanar heliocentric cir- 
cular orbits for planets, let us see at what points two planets 
appear mutually stationary, that is, have a Zero relative 
angular velocity before they appear mutually retrograde. 

Let S = San, E = Earth, J — Jupiter, u = Earth's 

linear velocity, v = Jupi- 
ter's linear velocity r and 
B the orbital radii of the 
Earth and Jupiter respe- 
ctively. Let EE 1 and JJ 1 
be perpendiculars to EJ so 
that when the relative velo- 
city of Jupiter with respect 
to the Earth perpendicular 
to EJ is Zero, Jupiter will 
appear stationary as seen 
from the Earth. This 

means that u cos Q 4- v cos £=0 I 

u _ — cos| jj 

v cos 
But from triangle ESJ, 




B cos <j> + K cos 9 = r III and 

r cos + K oos | = B IV 
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to xtt a. 1X7 oos £ rcos(£ — R x* 

From III & IV -! — —, v 

CO8 R cos (f) — r 

Equating 008 f from II and V 
* cos 9 

_ u = r oos <j - R so thafc rn + Br = cog ^ 
v R cos — r rv + Ru 

If m be the S'lghra anomaly m = 180 — <i 

so that cos m = — / ru ~j~ j^ v \ yx 
\rv + Ru/ 

Now we shall show that Bhaskara's formula accorJs with 

i.u- a l l- ct- u i- HcosEftm » bai1 
this Spastagalii = S lghragati — — . As pet* 

Bhaskara 

n .. A ., , , . H oos E -rr rT 
SpasHgati = if Slghragati = VII 

ie. Jupiter appears stationary as sean from Earth, if S'lghra- 

.. HoosE^m 
gati = K 



The angular velocities of Earth and Jupiter are respeot- 

ive!y - and — so that the Sun's apparent velocity is also 
r R 

— and $m = Kendra gati = Sun's apparent velocity 
v 

minus Jupiter's heliocentric velocity = ~ — |j 

.'. Substituting in VII 

a . , u H cos E / u v \ 

u I H oos E ^ _ Hco3B v v 

F\ — k~" _1 ) iT~ x R 

ie * ^ H oos E — K ^ = H cos E ^ v 



r 



K ; K R 



But H oos E — R cos E = R 003 | (here) £ standing 
for E and R cos | — K = — r oos 

so that - X — r oos = u cos { 



.". u cos + w cos | = 
This is equation I derived from modern methods, so that 
Baaskara's formula aooords with I and the ra3fe follows a3 



Substituting the valuaa of r and R for eash of the pla- 
nets and noting that r = epioyclic radius or Anfcyaphalajya 
R = 3433', u = maau velocity of the Sua and v = maan 
velocity of the planet, we have the respaobive values of m 
when planets appear stationary or, what is the same we 
could more easily use equation I noting that = m — £ 
and thereby get the values of m for stationary values. 

We shall give here some points of observation pertain- 
ing to S'ighraphala and S'ighragatiphala. 



{pj We have M a + E 2 =* S I where M a = Mandasphuta- 
graha and E a = the S'ighraphala where from we have 
§M 2 + gE a = $S II i.e. Mandasphutagati -1- S'ighragati 
phala = Spastagati (a) Let E 2 be maximum so that 
$E a = 0, then gM 2 = gS. This means that in the helio- 
centric figures 11 and 12, at the points a and b ( . the 
S'ighraphala being maximum, the Mandasphuta gati will be 
itself the Spashtagati. This line ab, it will be seen corres- 
ponds with the so called " «&ra«OTf^itariiftf<fgnratar " 
i.e. the line cutting the ecoentrio, drawn through the centre 
of the deferent. 

(b) The planet begins to retrograde only after the 
Spashtagati vanishes i.e. after gM 2 + &E 2 becomes Zero. 
Taking §M 2 to ba almost a constant since the Mandagati 
phala is small, the negative value of §E a must oancel $M a 
in order that the Spashtagati may be zaro. §E 2 beoomes 



r 



before i.e. oos m 




+ Rv \ 
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negative when the planet courses the arc of the smaller 
segment ab, because E 2 decreases from a maximum value 
to zero. As a matter of fact gE 2 negatively increases along 
ac and again increases from a negative minum at c to Zero 
at b a3 we course along cb (vide fig. 11 & 12). Thus the 
planet will assuim zero velocity at two points symmetrical 
about c and in between ab. In other words the planet will 
be retrograde along the arc d 1 cd a not entirely along ab 
some have misconstrued. Regarding B 2 , it is clear that it 
is zero at S'. then gradually inoreases to a maximum as the 
planet traces S'a, the maximum being assumed at a, then 
it decreases from the maximum to zero as the planet 
oourses the arc ac. and then increases from zero to a maxi- 
mum at b and finally decreases from that maximum to 
zero at S' again. Keeping the Earth constant it wiil be 
noted that an Inferior planet always goes anticlockwise 
whereas a Superior planet always goes clockwise. AI30 
it will be seen that the S'lghraphala is positive as the planet 
courses the arc S'ao, whereas it is negative as it courses 
cbS'. 



(o) The values of the spashbagafci at S' and will be 
respectively putting H cos E = R in the formula. 

Spashtagati = S'igbragati — H cos E^m ^ g ere j or 

K 

S'fghragati we may put U and U - V for gm, and putting 
K — R -f- r at S' and R — r at G> the value3 of the spash- 
tagati would be 

U — R (U — V) aQd U -R(U - V) RV + ru, 
R+r R-r ' R-\~r 

RV — rJJ , 

— — respectively. 

R — T 

B Y + rP > B !~ rU if R 2 V - rRV + BrU - r*0 > 

R + t R — r 

R 2 V -R?U + rRV — r a U 



167 



ie. if rR (U - V) > Rr (V — U). U — V is + ve and 
equal to V — U. 

So the positive velocity at S' of the planet will be 
equal to its negative or retrograde velocity at 0. A quan- 
tity assuming values K, O, — K,0,K must have a value 
numerically less than K in between. Thus the velocity 
direct or retrograde at any point of the prbit is less than 
qhe numerical value of the velocity at S' and 0. 

Verse 41. Retrograde motion. 

The planets Mars, Mercury, Jupiter, Venus and Saturn 
will be retrograde when the S'ighra anomaly assumes values 
163, 145, 125, 165 and 113 respectively and the direct 
motion again ensues at (36J— 163), (360 -145), (360-125), 
360 — (165) and (360 — 113) respectively. 

Comm. Since we have had the formula VI 

cos m — — ^ ^"j^j ) for stationary points, 

noting that cos (180 — 0) = — cos = cos (180 + 0) the 
stationary points are symmetrically situated with respect 
to S' of figures 11 and 12. As mentioned before substitut- 
ing the values of U, V, r, R for all the planets we oan 
prove the veraoity of Bhaskara's statement. 

Verse 42. Heliacal rising and setting of planets. 

Mars rises heliaoally in the East by 28°, Jupiter by 
14°, Saturn by 17° of S'ighra anomaly and set heliaoally in 
the west by degrees which are the differences of the above 
and 360° respectively. 

Comm. The Sun's velooity being greater than that of 
the Superior planets, the Sua overtakes them so that they 
set in west and rise in the Bast. When these planets are 
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situated within particular limits from the Sua, they will be 
invisible in the rays of the Sun. As these superior planets 
will be near the Sun, near the moment of oonjunotion, 
they will not be seen at conjunction and within particular 
limits from the position of the Sun. The limits oited 
above mostly depend upon their respective brilliance and 
to some extent upon their distances from the Sua too. 
Their brilliance again depends upon the extent of their 
gibbosity. The formula given for the phase in modern 

astronomy is phase = l~l~ CQB ^pS and noting that Eps — 

2 

Ea = the S'lghraphala, phase = *~^~ CQB "*\ Hence the Supe- 

2 

rior planets are always gibbous ie. the disc illuminated will 
be always greater than ^. Though at conjunction E 2 — 
and the entire discs of the major planets will be illumina- 
ted, we cannot see them as they are immersed in the rays 
of the Sun. As they emerge out of oonjunotion gradually 
E a will be increasing so that the discs will be illuminated 
lesser and lesser gradually. But K decreasing, the brilli- 
ance will not be so much effected. Along the arc acb (figs. 
11, 12) the planets gradually gain in illumination and will 
be brightest when they are in opposition both as cos E in- 
creases and K decreases. In other words the Superior 
planets appear more and more brilliant when they are 
retrograding, being most brilliant at 'C, The spherical 
radii of Jupiter Saturn and Mars being in decreasing 
order, their brilliance will be in decreasing order so that 
they will be rising at distances from the San which are in 
increasing order. The inverse square law of courses works 
here but combining the two factors (1) the spherioal radius 
of the planet and (2) the inverse square law, we may take 
it that Bhaskara's numbers oited above namely 28°, 17° 
and 14° for Mars, Saturn and Jupiter respectively accord 
with truth, for, these numbers are given by Bhaskara or 
his authority Brahmagupta only after observing the planets 
rising heliacal Jy. 
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That the positions of the planets while setting or rising 
heliaoally will be situated symmetrically with respeot to 
the San, goes without saying. 

But one thing. In the chapter called UdayastSmaya- 
dhyaya, the degrees known as Kalamsas which are given 
as the aros between the planets and the Sun for heliacal 
rising or setting, are different from the numbers given 
above, for, the latter are the values of the S'ighra anomaly. 
In the case of Mars when the S'ighra anomaly is 28°, the 
Sftghraphala will be 11°, so that the apparent distance of 
the planet will be 28°— 11° =17° which are the Kalamsas 
for Mars. Similarly in the case of Jupiter, when the 
Sfrgbra anomaly is 14°, the Sighraphala will be 3°, so that 
the distance between the planet and the Sun as seen from 
the earth will be 11°, which are given as Jupiter's Kala- 
msas. Also in the case of Saturn, the S'ighraphala for 17* 
of anomaly will be 2°, so that the Kalamsas would be 16°. 

Verse 43. Mercury and Venus rise in the West by 
50* and 24° of S'ighra anomaly respectively, and set in 
the West by 166^, and 177° respectively. They rise in the 
East by 205° and 183° of S'ighra anomaly and set there by 
310* and 336° respectively. 

Comm. Regarding the Inferior planets, they rise 
heliaoally in the East after Inferior conjunction and then 
they are retrograde. They attain gradually the maximum 
elongation in the East and after they revert to direct 
motion, their elongation gradually decreases. They then 
set in the EaBt and heliaoally rise thereafter in the West. 
There again their elongation attains a maximum value ; 
then they begin to retrograde and gradually set in the 
West only to rise in the East. This is all clear from the 
. heliocentric figure 11. When the S'ighra anomalies of 
^tercury and Venus happen to be respectively 50° and 24° 
*1 eir Slghraphalas would be 13° and 11° respectively, so 
thi t they are themselves the Kalamsas, in as much as in 
22 
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the case of the Inferior planets, the Sftghraphala will be 
itself their elongation eastern or western. Then they 
rise in the West, being near Superior conjunction. When 
again their S'lghra anomalies equal respectively 155* and 
177°, the same Sftghraphalas will arise so that they set 
heliaoally in the West. Then as the S'lghra anomalies 
attain the symmetrical values on the other side ie. (360- 
155) and (360-177) ie. 205° and 183° the Sflghraphalas being 
the same, they rise in the East. Again when they attain 
the values (360-50) and (360-24) ie. 310° and 336% they 
set in the East on account of the same Sftghraphalas or 
Kalamaas. 

Verse 44. When the S'lghra anomalies have parti- 
cular values, to decide when the planets rise or set helia- 
oally, we have to take the difference of those particular 
values and the numbers given above for the respective 
S'lghra anomalies, convert them into minutes of arc and 
divide the results by the daily motion in the S'lghra ano- 
malies in minutes of arc. Then we have the number of 
days in which the rising or setting takes place thereafter. 

Comm. Suppose it is required when Mercury rises in 
the West. Suppose we want to compute this on a parti- 
cular day when Mercury's Sftghra anomaly is x°. Then 
because we know that Mercury rises in the West when his 
S'lghra anomaly is 50, we have to calculate by how many 
days the difference 1 x— 50 | of the S'lghra anomaly would 
be covered. Let the daily motion of the Sftghra anomaly 

be y' per day, Then by rule of three J-^ — ^ * ^60 ^.^ 

be the number of days before or after as the case may be 
for Mercury to rise in the West. 

Verse 45. To obtain the Mean planet knowing the 
True. 

Assume the True planet to be the Mean ; compute the 
Manda and S'ighraphalas and applying them inversely, 



we have an approximation of the Mean planets. Treating 
these as the Mean planets, again obtaining the Man da and 
Sftghraphalas and again applying them inversely and 
repeating the prooe3s till constant values are obtained, we 
have by this method of successive approximation the Mean 
planets required. 

Comm. The method of successive approximation is 
clear. 

Verse 46. To obtain the equinoctial shadow. 

Convert the Ayanamsas into minutes of arc, and 
divide by the mean daily motion of the Sun ; then we 
have the number of days before the Mesa or Tula 8am- 
kranti day, or before Makara and Karkataka Samkrants 
days, when the Sun will be in equinoxes or Solstioes 
respectively. The mid-day shadow of the Sun oast by the 
gnomon on such an equinoctial day, will give us the 
equinoctial shadow required. 
%. 

(k ' Comm. The palabha or equinoctial 

shadow as it is called is the length of 
\ the shadow oast by a gnomon taken 

\ to be of 12 units in length, (measuring 

\a the shadow also in the same units), at 

^\ noon of an equinootial day. In other 

\^ words, if this shadow be of s units, 

,x V clearly ± = tan (Vide fig. 18). 

t * "** The Ayanamstos are the degrees of 
Fig. i8 * ne arc of the ecliptio in between the 

Hindu Zero point of the Zodiac and the 
first point of Aries whioh is now behind the former due to 
the phenomenon known as the precession of the equinoxes. 
They are called Ayanaxns'as because the solstices are also 
behind the Makara and Karkataka Samkranti points of 
the Hindu Zodiac or points whioh have Hindu longitudes 
270* and 90° resply, by the same arc. The Hindu astro- 
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nomers came to know that the solstices are preceding by 
observations made with the gnomonic shadow at mid-day 
around the solstitial days. The day on which the maxi- 
mum mid- day shadow is oast by the gnomon is the Winter 
solstitial day whereas the day on which the mid-day 
gnomonic shadow is maximum in the southern direction 
(assuming the place to be of northern latitude and <£ < <*) 
or minimum in the northern direction (<4 > o>) is the 
summer solstitial day. Calculating the Sun's longitude 
on that day at noon, we know how far the solstitial points 
have preceded behind the points of the Hindu Zodiac which 
have Hindu longitudes 90° and 270°. The word awrfom 
has therefore the meaning swrfa^Hirwsn: where the 
Samasa may be viewed as a Jr^WT^^ft WWQ' 

Verges 47, 48. Calculating the five fundamental 
H sines of a point of the Zodiac pertaining to a point of 
the ecliptic. 

The declination has to be computed from the sum of 
the Hindu longitude of that point and the Ayanamsaa. 
Similarly if it be required to find the time before or after 
the rise of a point of the eoliptic, we have to compute them 
from the sum of the longitude of that point and the 
Ayanamsas. 

■Hrinfl^XHrini ~ h sin ft I 
B 

VR^la sin a lj = H cos g = Dyujya II 

$ = H sin" 1 (H sing) HI 

X H sin £ = Kujya IV 

Kl W* X = Charajya V 
H cos £ " 

H sin -1 (Charajya) — Charam VI 

Comm. (1) Let rAo be the eoliptic where r = 
Vernal Equinox, A = first point of the Hindu Zodiac, 
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in between r and ©, 
not shown in the figure 
© the Sun. Let rA — 
a* — Ayanamsas defined 
before so that r © =(a+A). 
From the spherical triangle 
r©M, by Napier's rule, 
sin g — (sin X + a) sin** 
which in Hindu trigono- 
metry becomes H sin § = 
Hjin U + a) X sin w 

In Hindu Astronomy the 
obliquity of *he ecliptic was 
taken to be 24°. The value 

of the obliquity is now 23°-27' approximately and it has 
been know that this has been decreasing. At the time 
when the Hindu Astronomers observed this, it should 
have been greater than 23°-27' so that if it was taken to be 
24°, their observations were not far from truth. This 
means that the antiquity of Hindu Astronomy might be far 
more than what the Moderns estimate it to be. 




Fig. 19 



(2) How the formula I was derived in Hindu tri- 
gonometry was as follows. Let °3 be the summer solstice 
GC, OB, the perpendiculars dropped from f3 and on 
the line of intersection of the Equatorial and Ecliptic 
planes namely rBC. Let perpendiculars be dropped from 
*~: and on the plane of the Equator. Let them be GN, 

©D, Join NG and DB. Then ©BD = !^CN = the 
dihedral angle between the two planes — <•» ; 0*3 = R 
since in Hindu trigonometry H sin 90° = R. Also ?3N = 
H Bin IiE (in Hindu trigonometry) = H sin 0D = 
Hsin ©M = H sin © B = H sin r © = H sin + a) 
where X is the Hindu longitude of the Sun and a = 
Ayanamsras. It will be seen that ©D i§ a segment of the 



m 

line of intersection of the planes POM a plane per pendi- 
oular to the plane of the Equator, and 0BD a plane per- 
pendicular to the Eoliptio plane. Since GO 11 ©Band 
SNii ©D and BD© = CNa - 90°, so the two tri- 
angles are congruent 

^T* oD „ . /, » x _ B X HsinS 
. g| « §|ie. H Bin (i + a) = 

_ H sin U + a) H sin u> 
H sin g = — ^ ^ 

NO - GL - J&^r^ = ^Br^flfliPS" * 
H cos is called Dyujya as explained below in 

note (3). 

Another way of looking at the similarity of the tri- 
angles OGN and B©D is from the fact that they are 
formed by the intersection of parallel planes, both of which 
are perpendicular to the plane of the Equator. This idea will 
be elaborated when we explain fig. 21, wherein the so-called 
latitudinal triangles will be shown to be formed by the 
intersection of the plane of the Equator and planes of 
diurnal circles with the planes of the horizon and the 
prime vertical. In fast, the plane of a great circle and 
the parallel planes of the corresponding small circles form 
the same dihedral angle with the planes of the celestial 
sphere namely the planes of the meridian, horizon and 
prime-vertical so that right-angled triangles formed by 
their intersection will be all similar. 

Formula II is derived from the formula H sin* g -h 
H cos a g = B 9 derived from fig. 6 from which formula, 
formula III follows. 



Iff 



(3) "Why H cos is called Dyujy5 in formula II 
is clear from fig. 20 wherein p is the celestial pole, (C) is the 




Fig. 20 

celestial Equator and (0) is the diurnal circle of a celestial 
body say the ie. the Sun. Let ON be the perpendicular 
dropped from on the plane of the Equator so that 
©N = H sin A = H sin § ON = H oos $ = 00 = 
radius of the diurnal circle called Dyujya (Dyu = day) 
Hfr d fcl g q i = ?F5*TT (Madhyamapadalopi Samasa) formulae 
IV, V and VI will be dealt with in the next chapter 
Triprasfnadhyaya more elaborately but one has to under- 
stand what Oharajya is to follow the subsequent verses oi 
this chapter so that we shall £ive its looation and defini- 
tion in the light of fig. 21. Let fig. 21 represent the 
celestial sphere in which SEN — Horizon, Z = Zenith, 
N = Nadir Ez = prime vertical EQB = celestial equator 




N 

Fif . 21 

PP' * Polar axis, SBS' = the diurnal oirole of a celestial 
body S; BW = the East-West line, SB' = UdaySstasntra 
or the join of the rising and setting points S, S'. This 
SS' is evidently a diameter of the diurnal circle which is 
bisected by the plane of the horizon ; PEP' is called the 
unmandala or the Equatorial horizon. PSA is the decli- 
nation circle of S cutting the Equator in A. EA is called 
feha charam whose H sine is called CharajyS. The H sin« 
of SB in the diurnal circle is called Kujy5 so that as 
corresponding lines in the diurnal circle and the Equator 
stand in the ratio H cos $ : B, 



Oharajya 



H ops $ 



177 



In the beginning of the Triprastaadhyaya, Bhaskara says 

$srpRg?Tg'7l', at»i$r$Qr^fflft " ie. In a place having a 
latitude the diurnal paths of stars and planets will be 
inclined to the fundamental circles of the celestial sphere 
namely horizon, meridian and prime vertical and so their 
intersection gives rise to what are called latitudinal tri- 
angles, in which the angles would be 90-<£ and 90 
where <jj is the latitude. Thus in fig. 21 the projections 
of the triangles ESB, EDB, DSB, EDF, EBF, ESF and 
EQQ- on the meridian plane will be all triangles in whioh 
the angles will be 90-(£ and 90° so that they are all 
latitudinal triangle3. These are ail similar to the funda- 
mental gnomonic triangle gmn of fig. 18 wherein also the 
angles are d>, 90-<^ and 90°. Here, there is one important 
point to be observed. We have said '* their projections 
are all similar ". In fact the corresponding spherical 
triangles enumerated above are all apparently similar, 
though they are not viewed in modern astronomy as 
regular spherical triangles, because all the three sides of 
the triangles are not arcs of great circle3. It is not possi- 
ble to apply Napier's rules to these triangles for the reason 
mentioned above. None the less, the property of simil- 
arity of the projected right angled triangles is made use 
of in Hindu Astronomy to obtain the magnitudes of the 
sides of the projeoted triangles. 

EW is called the prak-pratiohl eQtra, SS' the Uda- 
yasta sutra ; similarly if lines through F, B, D, A parallel 
to EW be drawn, these sutras will intersect the meridian 
planes in points whioh constitute the projected triangles 
mentioned above. Let us study these triangles whioh we 
connote by the same letters with lowered indices. Thus 
for example E 2 8 t B x is the projeoted triangle of ESB 
where of course E x will be the centre of the celestial 
sphere. The lines drawn parallel to SS' or EW through 
B, D etc will be denoted as BB', DD', FF' etc, 

23 
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In the triangle E x ^ B l9 Ej S x is called Agrajya, Sj Bj 
Kujy§, and E 1 B x Krantijya. Of the Bides of ESB. ES 
and EB are ares of great circles whereas SB is the arc of 
a 8m%U circle. In the projected triangle E x S t B x , »j 
will be equal to the perpendicular from S on Eco, which 
will be H sin (ES) and is called Agrajya ; E x B x wi be 
equal to tbe perpendicular from B on Eco which will he 
H sin BE and as such called Krantijya. But 8, B* which 
is equal to the perpendicular from S> on BB' the diameter 
of the diurnal circle is the H sine of SB in the diurnal 
circle and is called Kujya. It will be noted that the per- 
pendiculars from S on E«, and BB' and the perpendicular 
from B on Eco do not form a triangle by themselves but 
by the theorem of three perpendiculars, if SL be the 
perpendicular from S on the plane of the unman dala le. 
the great circle EBP, and if LM be perpendicular from 
L on Eco SM will be perpendicular on Eco. Here the 
re*pendmMar SL will be the Kujva. and SM the Agrajya 
when as LM is not actually the H sine of BE but is equal 
and parallel to it. 

Similarly take the spherical triangle SAE. This is a 
regular spherical triangle because the three sides are area 
of great circles. Napier's rules can be applied to this 
triangle and we have the formula sin SA = sin SE sin 

s\ . H sin SE X H sin E 
SEA or in Hindu form H sin bA = ^ 

or KH sin 8 = Agrajya X H cos <£ ie. Agrajya = 

RH sin ^ j2 
H oos (J) 

Again sin EA = tan SA X tan E where H sin EA is 
called Charajya and tan E = cot <j> so that Charajya - 
tan g tan in modern form, and the Hindu form is 
R tan g tan d> 
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From I 5^ = _Kujya_ 80 that 
:brom i & - 0tiara jya 

Knjya = H_cog_g v R ^pg t an<& = H *iv$ tan<j III 

In Triprasmadhyaya, the elements of all the eight 
latitudinal triangles are found by using their similarity 
with the fundamental gnomonio triangle. The important 
elements that will enter into computation are (a) Charajya 
(b) Kujya (c) Agrajya (d) Taddhriti ie. Si F, the proje- 
ction of SF on the plane of the meridian (e) SamvS'anku 
= Ei F t = H sin EF (f ) Krantijya = E t B, = H sin EB 
= H sin 8 (g) Lambajya = H sin QS = H 003 ZQ = 
H cos d, (h) Akshajya = H sin ZQ — H sin & (i) Bi D, 
= Ud-Vritha-S'anku = H oos ZB (j) Dinardha-S'anku = 
H cos Zq. The following points will be noted. 

(i) In the triangle Et Q GK, the projected triangle 
of EQG on the meridian plane, noting that Ej 
is the centre of the celestial sphere E, Q = R, 
QGa = H cos d) and E, Qx = H sin ZQ = 
H sin<£. 

(ii) = H sin SB + H sin fB (both the H sines 
pertaining to the diurnal circle. 

(Hi) Sama S^anku is the H cosine of the Zenith- 
distance when the Sun or celestial body is on 
the prime-vertioal. 

(iv) BD is an arc of the great circle ZB, so that the 
, Unmandala Sfanku is the H cosine of ZB. 

(v) Dinardha — Sfanku = H cosine ZQ. 

(vi) These Sankus arc the H sines of altitudes or 
H cosines of Zenith-distances and they are in 
the planes of the respeotive great circles. 
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(vii) Lambamsa-chapa is the aro of the colafcitude 
Qb where Sis the. South point so that Lam- 
bajya is the H sine of QS or H cosine of ZQ 
This Lambajya will be seen to be the diameter 
of a small circle parallel to the Equator and 
passing through Z. 

oha,J 6rSe8 49 ~ 51 ' A differenti meth ° d ° f obtainin g 

This chara can be had by the so-called chara-segments 
of the locality using a process similar to that of finding 
fche H sines of the smaller table of nine H sines using 
3 where X is the Sayana longitude of the Sun (i.e. The 
Hindu longitude plus the arc of ayanams'aa is called the 
Sayana longitude or thefmodern longitude measured from 
v along the ecliptic to the Sun). Find the oharaa of 30°, 
60° and 90° of the ecliptic measured from v. Subtract the 
first from the second, the second from the third Thus we 
have 030°, C60°-C30<\ C90°-C60°, (where C0° signifies the 
chara of Q°) which are called chara-Khandas or chara-seg- 
ments. The equinoctial shadow multiplied by 10 8, 3 1 
gives the approximate values of the chara-segments in 
Vinadia (a sidereal day is divided into 60 nadis and each 
nadi consists of 60 Vinadis). The chara-segments thus 
measured in Vinadis are rather approximate. If further 
exactitude is required, better take the arc in units each 
of which rises in £th of a Vinadi (This £th part of a 
Vinadi is known as a prana i.e. the duration of the 
interval between two inhales of a healthy person reckoned 
as 4" of time). 

Comm. The charas of 30°, 60° and 90° of modern 
longitude are the values of the aro EA, (Ref. Fig. 21) 
when 8 has longitudes 30°, 60° and 90°. We have the 
folmula 

Oharajya = R tan $ tan 
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Taking the equinoctial shadow equal to 1 Angula 
means tan = T V. As charajya is proportional to tan ^, 
for any equinoctial shadow of s angulas, tan being 

equal to — the charajya got above is to be multiplied by 

8 only to obtain the charajya in any place where the equi- 
noctial shadow ia s angulas. Putting the modern longitu- 
des equal to 30° & 60°, if the corresponding declinations 
be £ a sin ft x = sin 30 sin <», sin ft 3 = sin 60 sin <o. Tak- 
ing to = 24° and applying logarithmic tables 

log sin Si = 9.6990 + 9.6093 = 9.3083 so that ft^ll -^' 

log sin ft 3 = 9.9375 + 9.6093 = 9.5468 so that ft a =20°-38' 

Now from the formula for charajya cited above viz. 

H sine (ohara) = R tan $ tan & or sine (ohara) = 

tan <j> tan ft, putting tan <£ = T V and applying tables, 
using the values of ft got above, 

charajya for 30° taD "'^ 

12 

and charajya for 60° = fcan 2Q ' " 38 ' so that 

12 

log (sine ohara) = 9.3175-1.0792 for 30° and for 60° 
log (sine chara) = 9.5758 — 1.0792 

.*. Chara for 30° or G (30)° = 59' and O (60°) = 1° - 48' 
Converting these arcs into their rising times at the rate of 
6' per Vinadi, we have C (30°) = 10, and C (60°) = 18 

Noting ft 3 -ca, sin (chara) for 90° = t ^-^ so that * 

12 

log sin (C 90°) = 9.6486 - 1.0792 - 8.5694 so that 
C (90°) = 2°-8' = 2U Vinadis. 

Thus (C 30) = 10, C (60) -C (30) - 18 - 10 = 8 
C (90°) - C (60°) = 31* -18-8* so that the ohara 
Segments are respectively 10, 8, 3J as given by BhSskara. 
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For a given place of equinoctial shadow equal to s", we 
have to multiply 10, 8, 3J, by s, which will be the ohara- 
segments for the place. 

The meaning of the first half of the verse 49 is as 
follows.— Let the equinootial shadow for a place be 3 
Angulas. Then the cbara-segments for that place are 30, 
24, 10. These are three in number for a longitude X of 
90*°. If the longitude be 44° (say) then proceed as we have 
done to find sin 24°, using the method of Bhogya Khanda 
Sphutikarana with respect to the table of H sines namely 21, 
20 19, 17, 15, 12, 9, 5, 2. Proceeding as directed the Sphuta 

Bhogya Khanda for 14° is = |; 30 - \ = 38*; 

14 X 28| _ 2002 = i 3 i; 30 + 13* - 48*) . 

30~" 150 ~f 
Proceeding according to the modern formula we have 

Charajya = tan 8 tan <£ where d> = A, and sin $ = 
sin 44° sin 24° 

log sin g = 9.8418 + 9.6093 = 9.4511; 8 = l6°-25 
log tan 8=9.4693 /. log sin (chara) =9.4693+log tan <* 
= 9.4693 + log A = 9.4693 - .6021 = 8.8672 
• Chara = 4°-14' = — = 42£ Vinadis whereas we have 
got by the Hindu method 43* which is near the truth. 
Verse 52. To find the durations of day and night. 

Fifteen ghatis increased or decreased by the Chara- 
nadis, according as the Sun is in the northern hemi- 
sphere or southern, gives half the day of the locality and 
the difference of 30 nadis and the above half-day gives 
half the duration of night. 

Comm. Ref. fig. 21. Let S be the Sun rising in the 
northern hemisphere when his declination is north. Then 
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from the figure APQ is the rising hour-angle = APE + 

BPQ = APE + 90° where 90° correspond to 15 nadis. So 

we have to add APE expressed in nadis equal to the rising 
time of AE. Let us find the duration of the day for the 
place where s = 3" and when X of s=44° ; the latitude of 
the place will be 14° (from tables) when \ 44°, we have 
found above that 42-20 Vinadis is the chara expressed in 
time. Hence half the day =15-42-20 or duration of day 
31-25; duration of night =28-35. 

Note (1) In modern astronomy we have the formula 
oos h = — tan fa tan $ where h is the rising hour angle. 
Patting h = H + 90° where H stands for the arc EA of 
fig. 21 008 (90-f-H) = — sin h = — tan fa tan § so that 
sin H = tan fa tan £ ie. H sin (Chara) = R tan fa tang 
which accords with the formula found before. The word 
chara used for EA means etymologically ^fesfsmrgtfa f^*- 
snrnfr fow;rc: i e. the variation in 15 ghatis of the eqiunootial 
half-day on account of the Sun's variation in declination, 

(2) If fa = 0, Chara = so that duration of half- 
day is 15 ghatis ie. on the terrestrial equator, whatever 
be the Sun's declination, the length of the day will be 
always 12 hours. 

(3) Let $ = so that ohara = ie. whatever be 
the latitude (provided fa > 90-$ as we shall see shortly), 
the day and night Will be eaoh of 12 hrs. 

(4) Let $ be negative, so that the aro connoting 
chaaa ie. EA will be above the horizon, and consequently 
the duration of half-day will be less than 6 hrs. by the 
time that is taken for EA to rise. This can be seen other- 
wise also as cos h = — tan fa tan $ — -f- ve so that h<90° 
which means half-day is less than 6 hrs. 

(5) We could also treat the case when fa is negative, 
but as this case is not in the purview of Hindu Astro- 
nomers who had only India in their mind and as such 
were concerned primarily with positive latitudes. If, bow- 
ever, we consider a negative latitude, when $ is + ve, cos h 
will be positive and if g is — ve, cos b will be negative. 
This means that when the Sun is in northern latitudes, the 
southern latitudes will have their day less than 12 hours 
and when the Sun is in southern latitudes, their day will 
be greater than 12 hrs. 



Fig. 22 

i . ^ on° fTtef fie. 22) ie. imagine 

• perpetual by ' begins for that p aoe onth y 

M n °^ g OS In this cLe the Sun seta at 8 and 

- (90 — <£) = Q b - ln , . rr Kooina and lasts till the 
what ia called VW^W™**%££ ban 90 - &■ 
eouthern declination of the Sun is great 
The duration of perpetual fay canj>e ° 
which applies to the perpetual night as well. 




Fig. 23 j . 

deolination is 90-^> , let o oe * deolina tioii is equal to 
f ^Bo Oi .ong W ar?h: g Sun t^he arc AS = 



sin o> 
cos & 
sin •» 
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(90-rA), there will be perpetual day. But ain = sin X 
sin « so that sin X 

= !??J*. Putting^ = 90- i.sinA =^4? 
sin <* 

Sin * = sin VA = cos AS .'. cos AS 

• 2 AS = 2 cos" 1 /f?L^\ . Supposing AS expressed 
Vsin «#/ 

in degrees and assuming the Sun goes along the ecliptic 
with uniform motion, since he takes 365£ days to traoe 

2 AS a _ 365£ 

360°, to traoe 2 AS, he takes X 365£ days - ^ 

X cos' 1 (22lA) which is the length of the perpetual day. 
Vsin <»»/ 

Verse 52. The correction known as Ohara. 
The daily motion of the planet being multiplied by 
the ohara expressed in asus and divided by the asus in a 
day viz. 21659 and the result being subtracted from or 
added to the planetary position at Sunrise according as 
the Sun is in the northern or southern hemisphere. The 
result is to be added to or subtracted from the planetary 
position at Sunset. 

Comm. The mean planets computed hold good at the 
Sun-rise at Lanka i.e. at aero latitude; they have to be 
converted to hold good at the local Sun-rise. In other 
words in fig. 21, the mean planet computed is B which is 
on the Lanka horizon, whereas we have to get S, the same 
planet on the local horizon. The position of S is earlier 
than that of B by the time interval indicated by the arc 
SB which is measured by EA the ohara because the 
position B on the Lanka horizon is later than the position 
S on the local horizon. If the mean planet moves in a 
day of 21659 asus by the arc denoting its daily mean 
motion, by how much does it move in the time of ohara 
expressed in asus ? The result is 

Chara in Asus X mean daily motion 
24 21659 " 
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This result is to be subtracted from the position of B 
to get the position of S. If the position B r which is the 
setting position at Lanka, and if we have to get S' the 
local setting position, in as much S' is later than W by 
the same arc, we have to add the above result to the posi- 
tion B' to get S'. Here the asus in a day is given to be 
21659 and not 60 x 60 X 6=21600 because the mean daily 
motion is during the course of the Savana day i.e. the true 
solar day and not during the course of a sidereal day of 
21600 asus. The Savana day exceeds the sidereal by the 
time taken by the arc moved by the Sun during that day 
which is very approximately 59'. Since a minute of arc 
of the Equator rises in an asu i.e. in 4 , so 59' ol the Suns 
motion is covered in 59 asus which is to be added to 21600 
asus of the sidereal day to get the Savana day approxi. 
mately It will be noted that this correction of chara m 
the planetary positions is due to latitude of the place Mid 
if the latitude is zero, it need not be done. AIbo if $ - 0, 
it need not be done, for, then, the Sun or the celestial 
body whose £ = will be rising at E itself in which case 
the chara EA will be zero. 

Verses 54, 55. The H sines of 30°, 60° and 90°, being 
squared and decreased by the squares of their respective 
declinations, the square-root of the differences being taken, 
and the result being multiplied by the radius, is to be 
divided by the respective H cosines of the declination. 
The first of the three results, the difference of the second 
and the first and the difference of the third and the second 
will give us the rising times of what are called the Sayana 
rasis of Mesha, Vrishabha and Mithuna; their reverses 
will then give the rising times of the next three; then 
the original ones those of the next three and again then 
reverses those of the last three. 



Comm. There are twelve Basis in the Zodiac of equal 
interval. Measuring from r, and taking arcs of the 
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ecliptic successively each of 30°, we have what are called 
Sayana Basis or Basis taking the Ayanamsfa into consi- 
deration or in other words measuring from r. On the 
other hand successive arcs each of 30° measured from the 
zero point of the Hindu Zodiac, constitute what are called 
the Nirayana BasMs. The words Mesa, Vrisabha etc. 
signifying the shapes of the constellations apply striotly 
to the Nirayana Bas'is. But nonetheless, by the conven- 
tion what is called Upachara, we name the Sayana Basis 
also by the same names. In as much as the zero-points 
of the Hindu Zodiacs is ahead of the modern zero-point by 
an arc whioh is the arc of Ayanamsa or accumulated pre- 
cession, the words Sayana and Nirayana came into vogue. 
Once upon a time approximately in Varaha's time or 
rather 499 A. D, the two zero-points coincided and then 
the Sayana and Nirayana Ras-rs were the same. Gradually 
on acoount of the phenomenon of precession r preceded, 
and today the distance between r and the Hindu zero- 
point is about 20°-30'. Of late, there has been a big 
controversy as to what exactly the arc is and the Calendar 
reform committee has adopted a value far more than what 
could be justified. The present author opines, that we 
have no right to set aside a statement of no less an^astro- 
nomer than Varahamihira who stated explicity ' anSrarat^ 

sfca: *«nf*nn«* ^ few 

aawwaw*^!" le ' True itiB that ° nCe Up ° n a timG ' 
the Sun began his southern journey when he was mid-way 
the constellation of Aslesa and his northern when he was 
at the beginning of Dhanistha, because it was stated m 
ancient texts. (The allusion is to Vedanga Jyotisa 
where it was stated as such) ; but now the southern journey 
of the Sun begins from the point marking f of the con- 
stellation of punarvasu which is the beginning point of 
the Karkata Basri and this norther from the beginning of 
Makara i.e. from the point marking ith of the constellation 
of TJttarasadha ; there has been a change from what was 
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stated in the ancient texts ; let people verify this by actual 
observation". Accepting an Ayanamtfa which goes 
against the statement of this great astronomer, who said 
that he .observed and called upon others to observe, is 
really unwarranted, especially when the adopted Ayanamsfa 
of the Calendar reform committee goes on the basis of 
surmises and consensus. We shall deal with this topic 
in further detail in an appendix to this work, because it 
is a really important issue and has been wrongly solved. 
The importance of knowing the exact value of the arc is 
clear when we observe that from the correctly computed 
planetary positions of modern astronomy this ayanamste 
is being subtracted to give the positions measured from 
the Zero* point of the Hindu Zodiac. An error in the 
Ayanams'a therefore vitiates the positions obtained by the 
above method. 



Coming to the point, the problem on hand is to 
obtain the rising times of the Sayana Rasfis at a place of 
zero latitude i.e. what are called Lankodaya times of 
Sayana Basis (Ref. fig. 21). Let rS = 30° so that r'A the 
equatorial arc gives the rising time of rS. We could have 
the magnitude of this arc by the formula derived from 
Napier's rules namely cos o> = tan a tan X I. 
But as in Hindu trigonometry the tangent functions of 
angles are not used, Bhaskara gave the following formula 

gin a = ^sin 3 X — sin 2 § n Thig formula 00aId be 
cos c 

derived easily from formula I and the formulae cos X — 
cos a cos g III and sin $ = sin X sin « IV ; for multi- 
plying the right-hand sides of I and III we have cos a> 

oos x = sm a 008 ^ i.e. sin X cos = cos g sin a 
tan X 

Sin X COS CO TT -r, . , _ TT7 . 

• sin a = ^ — V. But from IV sin <•» = 

cos o 
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ain S 
Bin X 
1 

sin X 



so that cos co = 



V 1 



- sin 2 S 
sin 8 X 



Vain 9 * — sin 2 Substituting in V for cos to 



we have 



„ sin 2 * — H Bin 2 g . „ 

H sin a = R ~ ~ sin a 

H cos g 



sin X X 



1 */sin 2 X - sin 2 S */sin 2 X - sin 2 g 



sin X 



cos 8 



cos g 



Efrcos g as stated. 
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Fig. 24 

But let us see how this formula was derived by the 
Hindu astronomers. (Ref. fig. 24), Let rS be an arc of the 
ecliptic equal to X. Let SM be dropped perpendicular from 
S on the plane of the Equator so that SM = H sin §. 



}?rom M drop a perpendicular ML on r= so that SL will 
be perpendicular from S oar^ by the theorem of three 
perpendiculars. SL = H sin X. Also ML will be equal 
to the perpendicular from S on the diameter of the diurnal 
cirole of S parallel to r= so that ML = SN = H sine of 
the arc in the diurnal circle corresponding to Kr 

SW B = SL a - LN 3 = H sin 2 X - H sin 3 $ 

••• SN - sin 9 X - H sin 3 g 

.*• The length of the perpendicular from K on = 

r, ^ sin 2 X - H sin 2 § . ,. r . 

R X == =r since corresponding lines of 

H cos g 

the diurnal circle and the equator stand in the ratio of 
H cos $ : R (Vide fig. 20). But this j_ ar is H sin a = 

.p VHBin'r ^ETsin 3 ^ 
H cos $ 

If a u a 2 , a 3 be the Right ascensions of the points on 
the ecliptic whose modern longitudes are 30°, 60° and 90°, 
expressed in asus, then a lt a a — a 2l a 3 — a 2 will give the 
rising times of the arcs of the ecliptic which stand for 
Sayana Mesa, Sayana Vrisabha and Sayana Mithuna. 
The rising times of the next three Rasis will be the same 
in reverse order since Karkata is symmetric with Mithuna 
with respect to the Equator and similarly Simha and 
Kanya symmetric with Vrisabha and Mesa. The next 
three are again symmetrio with Mesa, Vrisabha and 
Mithuna and the last three with Mithuna, Vrisabha and 
Mesa. 

Verse 66. The H cosines of the ends of the Rasis 
Karkata etc., being multiplied by the radius, and divided 
by the H cosines of their respective declinations, and the 
arcs of those H cosines being taken, subtract as before the 
preoeding from the succeeding. Then we have the rising 
times of the Rasis beginning with Karkata ka. 
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Comm. This is clear from fig. 24. If S be the end of 
Vrisabha, S' in the figure denotes the end of Karkata 
them from the right-angled triangle SAP, 



sin S'A = sin SA = sin APS X sin PS = sin A'K Xcos SK 

S i n A'K = sin S 't . But sin S'A = cos S'- 

cos SK 

and cos SK = cos ^ where £ is the declination at S. 

A'K converted into time gives the rising time of AS' 
ie. Earkata. 

the rising time of Karkata = 008 

cos 8 

In tbe Hindu form, it will be 

Karkata-Rasi-Udayakala = ^rkata-anta-Kotijya R 

Karkata-anta-Dyujya 

as stated. 

In modern terms sin A'K = cos rK — 008 r ^ 

cos $ 

from the formula cos X = cos a cos Thus, virtually 
the formula is a statement of the formula cos X = cos a 

cos ^. Aslo the formula sin AS' = sin P sin PS is 
parallel to the formula sin g = sin X sin o> which we 
proved already from Hindu methods. 

Verse 57. Still an alternative method. 

The H sines of Mesa etc. being multiplied by 
H cos a divided by their respective H cos g's and the 
arcs thereof being subtracted as before the preceding from 
the succeeding we have the rising times of Mesha etc. 

Comm. From figure 24, 

8N = SL cos LSN and — - = perpendicular from 

cos SK 

K on r= 



1&2 

• §*L^-HsinrK. SL = H sin rS 
cos ft 

_ . ^ H sin rS X H oos o> 

.*. H sin m = ^ — — 

H cos ft 

We proved the above in a modern way. The Hindu 
concept is derived from the similarity of SML and AOM' 
where G is the centre of the sphere and M' is the foot of 
the perpendicular from A on the plane of the equator 

LM = SL . LM = H cob to X H sin rS 
" " CM/ Qk R 

Since LM = SN. 

LM divided by H cos ft and multiplied by R gives H sin rK 

_ . rr H cob to X H sin rS v R _ 
.'. H sin rK = ^ x 



i.e. H sin a = 



R H cos ft 

H cos rS X H coa o> 
H cos ft 

H sin X X H cos to 
H cos ft 



Here H cos w is called Trigrha-dyu-maurvl because 
it is the H cosine of the declination of X when X = 90°. 

Verses 68, 59. The magnitudes of the rising times. 

Those rising times are 1670, 1793, 1937 ; these in the 
same and reverse orders diminished or inoreased by their 
respective Ghara segments which are also in the same and 
reverse orders give the rising times of the Sayana Rasis 
beginning from Mesa for the locality. The Rasis from 
Tula are in a reverse direction i.e. as the Mesa is proje- 
cting upwards above the horizon, Tula will be projecting 
below the horizon so that, the time taken by Mesa to 
rise is exactly the time taken by Tula to set. 

Comm. We shall compute the rising times of 
Sayana Rasis for Lanka first i.e. for zero latitude using" 
modern methods from the formula tan a = cos eo tau X 
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log tan a=log cos w+log tan X ; Put ^=30, and 4 = 60 
and take w = 24° ; Let the corresponding a's be o lt a 9 

log tan a x = log 00s 24 + log tan 30° (1) 

log tan a 9 = log cos 24 + log tan 60° (2) 

log tan a, = 9.9607 + 9.7614 = 9.7221 

.*. a x = 27° - 48' 

log tan a a = 9.9607 + 10.2386 = 10.1993 

.\ a, = 67° - 42' 

At the rate of 1 asu for 1', a x = 1668 asns a a = 3462 ; 
a, - a x = 1794 and sinoe o 3 = the right ascension of 90* 
Longitude = 90°, a 3 = 6400 so that ct s - a 3 = 1938. 
These are given by Bhaskara as 1670, 1793, 1937, the first 
exceeding by 2 asus, the second and third each less by 
one asu and the total acoording with the total. The rising 
times of Karkata etc. will be 1937, 1793, 1670, 1670, 1793, 
1937, 1937, 1793, 1670 respectively. 

Let us then find the rising times of these Sayana 
Basis at a locality say of latitude 13°. Refer to fig. 21. 
Let rS represent Mesa so that the rising times of rE is 
equal to that of rS. But rE = r A - AE. We have seen 
rA = 1670 using Bhaskara's value. Sin EA = tan 13° 
tan ftj where ft, is the declination of S where rS = 30°. 
Sin & = sin 30° sin 24°. 

log sin & = 9.6990 + 9.6093 = 9.3083 

/. ^=11° -44' 

.*. log sin EA = log tan 13° + log tan 11° - 44 = 

9*3634 + 9.3175 = 8.6809 

.*. EA = 2° - 45' /. rE = 1670 - 165 = 1505 asns. 

Similarly for X = 60°, putting a a , & in the place of 
a u & and proceeding as before rE = rA x — AjE ; rA x =* 
8463 ; sin EA X = tan 13° tan 8, sin ft, = sin 60° sin 24 Q 

25 



m 

log sin $ fl = 9.6093 + 9.9375 = 9.5468 

ft a = 20° - 30' 

log sin EA t = 9.3634 + 9.5758 = 8.9392 

EAj = 4° - 69' = 299' 

rE = 3463 - 299 = 3164 asus 

Rising time of Sayana Vrisabba for the locality 
= 3164 — 1505 = 1659 asus. 

rA, = 5400, sin EA a = tan 13 tan & = tan 13 tan 24°. 

log sin EA 3 = 9.3634 4- 9.6486 = 9.0120 
/. EA 3 = 5° - 54' = 354 asus 
I . rE = 5400 - 354 = 5046 

Rising time of Mithuna is 5046 - 3164 = 1882 asus. 

Before we proceed to find the rising times of Karka- 
taka, Simha and Kanya, we shall cast our previous proce- 
dure into the Hindu form. In fig. 21, let rS be the Sayana 
Mesha. The rising time of rS is measured by rE, because 
when r is at E, Mesa is just about to rise and when r id 
in the position indicated, the extremity of Mesa namely 
S is rising. So it means that as rS of the ecliptic has 
risen, a portion rE of the Equator has risen. As time is 
measured by the arc of the equator which rises with a 
uniform speed, we measure the rising time of rS by the 
arc rE ; but rE = r A — AE. r A is the Equatorial rising 
time of rS, because when A is at E, S will be at B i.e. 
A and S will then be on the equatorial horizon EB simul- 
taneously. Hence rA = 16/0 as proved before and stated 
by Bhaskara. EA is the chara for 30°. The ohara for one 
angula or inch (inoh is here used technically, and does not 
mean what it means in ordinary parlour) as has been stated 
by Bhaskara and proved by us is 10 Vinadis. (Vide page 181) 
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Bat we have taken 13° as our latitude, bo that tan (£=.2309. 
Since {2 = tan <£ = .2309 .*. s = 2.7708 ; let us take 
this as 2.8" so that the charas 10, 8, 3i found for one inch 
are to be multiplied by 2.8 to give the looal oharas. They 
are in Vinadis, 28, 22.4, 9| or in asus 168, 134*4, 56 ; for 
convenience let us take 134.4 as 134, so that the charas 
are 168, 134, 56. Thus the rising time of Sayana Mesa 
at this locality is 1670 - 168 = 1502 asus i.e. 250 Vinadis 
= 4-10 Nadis. Then let rS now represent 60°, instead of 
subtracting EA from rA to get the combined rising time 
of Mesa and Vrisabha, the Hindu practice is to subtract 
the chara pertaining to Vrisabha from the equatorial 
rising of Vrishabha i.e. rE = 1793 - 134 = 1659 as got 
before. Here it must be noted that EA° is the chara not 
pertaining to Vrisabha alone but to Mesa and Vrisabha 
put together. That is why for ease, the chara to Mesa, 
the increase in chara for Vrisabha, and the increase in 
ohara for Mithuna as well as their individual equatorial 
rising times are given. The increments in the oharas are 
called chara-khandas just as the increments in the H sines 
are called Jya-khandas (khands means segments). Simil- 
arly the rising time of Sayana Mithuna is equal to 1937 — 
66 = 1881 asus = 313.5 Vinadis = 5-14 Nadis. Now with 
respect to Karkataka, its equatorial rising time is 1793, 
for, from fig. 25, the equator at the equatorial plaoe being 
prime Vertical, if rM be Mesa, its time of rising is given 
by rE where E is the foot of the declination oircle of M. 
Similarly if MV represents Vrisabha, when V comes to 
the horizon, N the foot of the declination circle comes to 
the horizon. Thus the rising time of any arc of the 
ecliptio at an equatorial place is given by the correspond- 
ing arc of the equator, which is intercepted between the 
declination circles of the ends of the arc. So from fig. 26 
if r ed ^ be the equator, rED. =* the ecliptio, A the 
Ayana or Summer solotice, P the pole rE, ED, DA etc. 6 
the Sayana Rasis Mesa etc. a, b, c etc. the feet of th<? 
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declination circles of A, B, C etc, since PAE is seoondary 
both to the ecliptic and dquator (i.e. perpendicular circle) 
spherical triangles PAD, PAB are congruent ; PBO, PDE 
are congruent and PC is oongruent with PE r. Hence 
ab = ad i.e. rising times of Karkataka and Mithuna are 
equal ; bo = de i.e. those of Simha and Vrisabha are 
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equal and similarly those of Mesa and Kanya. It will 
be noted that the equatorial risings alone are equal in the 
above cases but not at any other place, for in a place with 
some latitude when a point like B (fig. 26) comes to the 
horizon, the foot of its deolination circle namely b will 
not be on the horizon and there arises the ohara in bet- 
ween, which has to be taken into account, and be subtract- 
ed from or added to the equatorial rising time as the case 
may be. 

Now regarding the chara-khanda of Karkata it is 
again 56 ; why it should be so is not proved by Bhaskara 
but merely stated, nor any commentator took the pains to 
prove. It oan be proved as follows. Let in fig. 26, 
Si, Sa. S 8 b e tae declinations at the ends of Vrisabha, 
Mithuna and Karkataka respectively. We know & = S 8 « 
The chara-segments for Mithuna and Karkataka i.e. when 
Mithuna and Karkataka arc rising are to be proved to be 
equal, here 66 aBUS. Their expressions are tan <£ tan S fl ~ 
tan tan & and tan <£ tan S 8 - tan <J tan S a i.e. tan <£ 
(tan & - tan Si) and tan <£ (tan S 8 - tan S 3 ). Since 
Si = S 8 we perceive that they are equal but of opposite 
signs. So Bhaskara says rightly 44 ^q^WT*?^ SR*" 
i.e. because of negative sign, the chara-segment of Karka- 
taka while being subtracted will be rendered positive'. 
Hence the rising times of Karkataka, Simha and Kanya 
will be respectively 1937+56, 1793+134, 1670+168 asus 
or 1993, 1927, 1838 asus or 332, 321, 306 Vinadis or 
5-32, 5-21 and 5-6 nadis. Thus, in as much as the rising 
times of Mesa to Kanya are 1670-168, 1793-134, 
1937-56, 1937+66, 1793+134, 1670+168 their total 
is 30 nadis aa should be expected because the equator 
bisects the ecliptic between r and ^ and the equatorial 
interval between r and * is 30 nadis. It will be noted 
that while the equatorial rising timeB of Mesa to Kanya 
are symmetrical as 1670, 1793, 1937, 1937, 1793, 1670, 
their rising times at any other place are not like that but 
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constitute a different kind of symmetry as 1670—168, 
1793-134, 1937-55, 1937+55, 1793+134, 1670+168. 

We have now to comment upon the statement 
" ^ RreJtiWSSlT: '* which means that the rising 

times from Tula to Mina are in the reverse order i.e. the 
rising time of Tula equals that pf Kanya ; that of Vris- 
chika equals that of Simha and so on the rising time of 
Mina equalling that of Mesa. Thus the rising times of 
Tula to Mina being in the reverse order are 1670+168, 
1793+134, 1937+55, 1937-55, 1793-134, 1670-168 
for the aforesaid locality. Why it should be ap can be 
easily seen from the fact that Kanya and Tula are sym- 
metric with respect to the line r~ which biseots the 
ecliptic (Ref. fig. 27). Or again we can see this in another 




Fig. 27 

way ; the ohara- segments are successively (tan <i tan & — 
tan <£ tan 0), (tan <£ tan § a -tan <j> tan (tan tan to- 
tan d> tan (tan & tan £ 2 -tan i> tan «), tan J> tan 
tan <J tan £ 2 (tan <£ tan 0-tan d> tan (tan ^ tan 
tan <£ tan 0), (tan <j> tan $ s -tan & tan Sj, (tan <4 tan w- 
tan <4 tan g a ), (tan tan $ 2 -tan <£ tan «■>) (tan <£ tan 
tan<£tang 3 ), (tan <i tan 0- tan J> tan dx) where & = 
declination of 30°, and $ 9 that of 60°. These are there 
as found before 56, 134, 168,-168,-134,-56 upto Kanya. 
But the remaining, though apparently are 66, 134, 168, 

168, i34 ( — 56 must be taken with a reverse sign because 

the rising point of the ecliptic will be to the south of the 
east point send § will be negative from 180° to 360° longi- 
tude. Hence the chara Segments are 56, 134, 168, 168, 
—134,— 56,-56,-134,-168, 168, 134, 56 so that^ from 
Tula onwards they are in the reverse order as Bhaskara 
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has stated. Bhaskara's statement yet has another mean- 
ing. The ecliptic from 180° to 360 being in the reverse 
as can be seen in fig. 27, the time by which a particular 
Ras*i rises, is equal to the time by which its seventh Rasi 
or diametrically opposite Rasti sets. It is important to 
note that the rising time of a particular Ras'i is not equal 
to its setting time as can be gauged from the rising times, 
for, then the rising times of Mesa and Tula must be equal 
whioh is not the case. The word iWtil^^TT: has this 
meaning as well, rising and setting being reverse directions. 

Incidentally there is what is called a ^^Rbri 
handed down i.e. a traditional statement which men- 
tions ''ritaWt ^3*Wr»: TOrfcftgd etc." This 
clearly pertains to the local rising times of the Sayana 
Rasis at a place of latitude 17°-45' i.e. in between 
Rajamundry and Vizianagaram, as in this latitude the 
ohara Segments in asus will be 530, 184, 73 which give 
rise to such rising times. 

We next find what are called Nirayana Swodayas i.e. 
the rising times for the locality of the Nirayana Rasfisi.e. 
the Rasas from the zero-point of the Hindu zodiac. We 
shall obtain these magnitudes for Rajahmundry whose 
latitude is 17°-2 7 . We shall however take it as 17° ; also 
we shall take the Ayanains'as to be 21° at present following 
Varahamihira. This is one of the contexts where the 
knowledge of Ayanains'as is essential. The method is the 
same as followed before ; only, we have to find the decli- 
nations, right ascensions, charas and therefrom the rising 
times of arcs of magnitude 21°, 51°, 81° 351°. Sub- 
tracting the preceding rising times from the following we 
have successively the required rising times. We shall 
give them under the following table. 
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In modern terms, the rising times of Basis could be 
found by solving the spherical triangle rEA (fig. 28) using 
the Inner side inner angle formula namely 




X Vo 



Fig. 28 

cos x X oos » ~ sin x cot X + sin a> tan I 

sin x cot A — cos jrlcos «> = — sin o> tan & 

putting sin x — t, this reduces to 

t cot A — n/F^T 2 cos co = — sin o> tan 

or (t cot A + sin a) tan J>Y = U ~ *") co ** *> 

:. t 9 (oos 2 o> +*cot a X) + 2t X sin a> tan & cot A - 

COS 3 io = 

t = 



-sin «, t anjje os A ± Jsin 3 co i & n^f±±^l^^±^^ 
■ r cos 9 o> + cot 9 A 

« ' ... • i« * - SO 60°... 360° and ignoring 

Putting successively A — ou , ou fuu & 

. K . . 4. u /» ^?Aa1 we have the sines of rising 
the negative sign of the radical we ^ha v^ ^ 

times of aros of the ecliptic of du , ou e^. duu * 



26 
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the preceding from the succeeding, we have successively 
the rising times. Thus the rising time of MeBha is 
JH bid* a. tan a <h + cos 3 «. (gob" to + 3 ~ ^3 sin cu tan j II 

'6 + cob 3 

That of Mesa and Vrisabha put together, the rising 
time is • 

Vsin a a) tan 2 <j> + 3 cos a to ((WB^+aj rjm^teni 

is/jj (COB 8 £0 + |) 

The combined rising time of the 3 Rasis Mesa, Vrisa- 
bha and Mithuna is from I using tables cos -1 (tan to tan J>) 
= 5046 asus which exactly accords with what we have 
found previously namely 1505+1659+1882=5046. Also 
putting in I X = 180°, we have sin x = or x = 180° - 
10800 asus ; subtracting 5046, we have the combined times 
of rising of Karkataka, Simha ahd Kavya to be 5754 asus 
as we have had. Putting again X = 270, we have cos " 
(tan co tan <4) = 277 - 5046 whioh signifies that the sum 
of the rising times of the laBt three rasis is the same as 
that of the first three whioh again means that the sum of 
the rising times of Tula to Dhanus is equal to the sum of 
the rising times of Karkataka, Simha and Kanya establish- 
ing Bhaskara's statement " fa^fasNsn: 

Verse 60. Computations of Lagna, Udayantara and 
the like from the rising times of big arcs of the ecliptic 
like Rasis will be approximate, whereas one desirous of 
greater approximation has to find the same from the 
rising times of smaller arcs likes Horas and Drkkanas, so 
as to be more correct. 

Comm. Rasis divided into halves are called horas 
and if divided into one-third parts are called 
Drkkanas. The meaning of the verse is that if after 
hiving found the rising time of a particular RaVi say 
Mesa, we say that one-third of that rising time is that of 
one-third of that Ra*i, we will be making only an appro- 
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ximate statement just like saying that Since 12 Rasi* 
rise in the coarse of a sidereal day, so each rasi rises in 
1800 asus' which is far from truth being based on a crude 
rale of three. So, Bhaskara says, Acharyas like Aryabhata 
insisted on finding the rising times of Drkkanas, in as 
much, as while computing the Lagna or the point of inter- 
section of the Ecliptic with the horizon, we will be nearer 
the truth by using the rising times of smaller arcs like 
Drkkanas than broadly using those of Basis. 

Verse 61. Bhujantara correction. 

The equation of centre of the Sun multiplied by the 
equatorial rising time of the Rasi occupied by the Sun, 
and divided by 1800, and then again multiplied by the 
troe daily motion of a planet and divided by the number 
of asus in a day, is the correction in the planet positive 
or negative aocording as the equation of centre of the Sun 
is positive or negative. 

Comm. This Bhujantara correction arising out of 
the Sun's equation of centre is prescribed even for the Sun, 
as well as for the other planets. The planets are originally 
computed for the rising time of the Mean Sun, whereas 
we are interested to know the positions at the True Sun- 
rise. The position of the Sun also is originally computed 
for his mean rise and is therefore to be rectified to get his 
position at his true rise. So even the Sun is not exempt 
from the correction. It will be noted hare that as the 
equation of centre pertains to the eccentricity of the Sun's 
orbit, this correction of Bhujantara is a correction for the 
so-called modern 'Equation of time due to eocentrity'. 
In other words, the Sun's equation of centre converted 
into time is exaotly what is called the Equation of time 
due to ecoentrioity. 

The formula prescribed for the correction is as follows. fi 
Suppose the Sun is in a particular Rasi which rises at the 
equator in x asus. Let the equation of centre of the San be 
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E minutes of arc. Then the equatorial rising time of E iB 

E * f asus because there are 1800' in a Rasi. We have to 
1800 

provide a correction in the planetary position inoluding that 
of the Sun for this time. If the planet goes Y' during 
{21659 asus of a day, what arc is covered by the planet or 

the Sun in asus ? The result is jqqq a 21669 

minutes of arc. This correction is positive if the equation 
of centre of the Sun is positive* for, we want the planetary 
position for a latter time than Mean Sunrise, since the 
positive equation of centre advances the True Sun over 
the Mean. This oorreotion will be appreciable only in the 
case of the Moon having a rapid motion. 

Verses 62, 63. The correction known as Udayantara. 

The difference in minutes of arc in the longitude of 
the Say ana mean Sun and the asus in his Right asoension, 
multiplied by the daily motion of the planet and divided 
by 21659 is the result to be added to or subtracted from 
the planet's longitude acoording as the asus in the Sun's 
Right ascension are greater or less than the minutes of arc 
of his longitude. This is what is called Udayantara 
correction in the planetary position. 

Comm. (1) We have seen that the Bhujantara is a 
correction in the mean planetary position due to the 
Equation of time in Eccentricity. 

(2) This Udayantara is a correction in the same 
due to the Equation of time in obliquity. 

(3) Some have misconstrued that this Udayantara 
correction is the Equation of time in the obliquity itself, 
whereas it is a correction to be efieoted in the planetary 
position due to the Equation of time due to obliquity. 
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(4) The maximum equation of centre in the Sun 

2° 1 41 v 7 287 _ „o_ lfv 
has a magnitude= 13- x ^ = g- X 44 - 132 - ^ 

Converting this into time at the rate of 15° per hour 
(since in one hour diurnal rotation of the earth is equal to 

15°) wehavef X 4 minutes = f = 8'-40". The maxi- 
mum equation of centre according to modern astronomy 

1 A 
is 2e expressed in radiaus where e = ^(.0167339) = 2Xgg 

radiaus = 2 Xgy X—^— degrees — A1 i 

^ such the max. Equation of time due to eccentricity is 

21 vd—— = 7'-3&". The small difference in the 
11 x 4 - il 

two value,\ arises out of the difference in the max. equ- 
ations of oiutijB. Any way it is clear that, in as much as 
the Bhujantara correction is necessitated on account of 
the equation of centre in the Sun, to obtain the planetary 
positions computed for the mean Sunrise at the time of 
True Sunrise, the Bhujantara correction is a correction in 
the planetary position, on aooount of the equation of time 
due to eccentrioity. The max. correction to be effected in 

8 X 790 _ 79 _ 
even the quick moving Moon amounts to 24 x 60 ~~ 18 

4'-23.3". 

(5) We have said in the translation of the verse. 
*The asus in the Right ascention of the mean Sun', 
where what exactly is stated by Bhaskara is, the time of 
rising of the small arc covered by the Sun in the particular 
Sayana Easi in which the Mean Sun is, (grow) together 
with the rising times of the previous Sayana Basis covered 
by the Sun. The meaning is therefore the rising time of 
an arc of the ecliptic equal to the Sayana longitude of the 
ecliptio which is measured by his Right ascension at the 
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rate of 15° per hoar or 6° per nadi or 10 Vinadis per degree 
or 60 asus per 60 minutes of aro or &b many asua as there 
are minntes of are in the right ascension of the mean Sun. 
So, what is stated by Bhaskara is the difference of the 
minutes of arc in the mean longitude of the Sun and the 
minuteBOf arc in his right ascension ie. (I— a) expressed 
in minutes. We know that the total equation of time 
arising out of unequal motion in the true longitude of the 
Sun ie. in comparison with the equal motion in his 
right asoension ie. a is measured by © -a which may be 
expressed as (©-I) + (I-a) where 2 is his mean longi- 
tude, — I = Equation of centre and so the time 
expressed by © -2 is the equation of time due to obliquity. 
The difference l-a arises out of the obliquity of the 
ecliptic and so the time expressed by l-a is the equation 
. of time due to obliquity. We have the modern formula 
tan a 1 — cos *> tan a — tan I _ 

Cos o> « tail" 80 tbafe 1 + cos w ~~ tanTa+tan I 

sin a — I 
sin a 

• Sin (a - I) = tan 3 «/Sl sin (a +1), As a is very 
nearly equal to 2, we could write, when expressed m 
radians a-i = tan 2 «/2 sin 22. Thus the ^ maximum 
difference between a and I arises when 22 - 90° ie. I — 4& 
degrees ie. at the mid-point of the first quadrant ; the mini- 
mum difference is when 22=270 ie. 2=135 ie. at the middle 
point of the 2nd quadrant. Also the numerical magnitude* 
of the max. as well as the minimum value are each tan 2 w/2 
ie. they are equal. Since this is expressed in radians, 
converting into time the numerical value of the max. and 
minimum equation of time due to obliquity is 9.87'. Thu& 
we can write l-a = 9.87' sin 22. Again where I 225, 
22 = 450 so that I— a will have a positive max.; and again 
when I = 315, 22 = 630 so that I— a will have a negative 
maximum value. Also when 2 has values 0, 90, 180, 270 it 
is zero. Thus the equation of time due to obliquity is zera 
at r t ie. the vernal equinox ; -f ve in the first quadrant 
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increasing from zero to 45 degrees and 
from 45° to 90° ; assuming the value zero al 90 , tnen 
negative in the second quadrant negatively increasing from 
z ero to a maximum as I increases from 90* to 135 , and 
then negatively decreasing from the maximum jalue to 
zero at the end of the second quadrant ; again behaving in 
the 3rd quadrant as in the first and in the fourth as in the 
second. 

(6) It was stated by Mr. Masumdar in his intro dnotion 
to the Siddhanta Sekhara of Sripati published by the 
Calcutta University as well as by pandit Babuan M.sra 
the editor thereof that this Udayantara oorreot.on was 
* first mentioned by Sripati, and it mean equation of tan* 
L to obliquity. In fact Sripati states (Verse I oh. elevan) 

wist: 'ftaR^Prii ?r, 3*3*- 

-i H sin H cos cd „ 
I expressed in minutes — H sin" 1 H cos g GXP 

ed in asus = what are called elapsed asus and are -fve, 
+ve, -fve and -ve in the successive quadrants. We saw 

H sin Q H cob o , QH nft ti 
before that H sin a = iTcosl} ° P 

meant I a, the former expressed in minutes of arc and 
the latter in asus, or what is the same [l-a) both expressed 
in minutes or asus. These give the gain of I over a. 
Immediately after this verse Sripati goes to a different 
topic, and never mentions (as understood from the printed 
text) any further details as to what is to be done with 
these Yatasus. Since Bhaskara says explicitly that for 
these Yatasus, the planets are to be corrected, we may 
surmiBe that there should have been in Sttpati's text also 
another verse detailing the usage of thoBe asus. 

(7) We shall now attend to what Bhaskara gives by 
way of explanation of the verses in question, The Ahar- 
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gana found by us is what is called Madhyama Savana- 
ahargana or number of days according to mean solar 
reckoning, a reckoning made on the basis of taking 
uniform motion of the Sun in right ascension. The 
planets oomputed for the Sun-rise on this basis, are to be 
corrected for the true Sun-rise which goes according to the 
measure of © ie. the true longitude of the Sun. But in 
the name of BhujSntara we bave'-effected the correction 
for O -~l ; so what remains is to effect correction for I— a. 
This correction is known as Udayantara. 

In other words, since we could not compute the 
Sphuta Savana-abargana, when we deem that x days 
have elapsed according to the mean solar reckoning from , 
the epoch upto the mean Sun-rise x + / might have 
elapsed according to Sphuta Savana-ahargana where / 
is a fraction. A correction is to be effected for this 
fraction / of a day and it is of the form 0— a = 
— l+l— a. In the beginning Bhaakara said that mean 
planets are had being computed out of the mean solar 
ahargana, at the time when the mean Sun is about the 
eastern horizon of the equator. Why did he say 'about 
the horizon '? It is because the mean solar ahargana 
indicates a Sun-rise on the basis of equal motion in right 
ascension whereas on the basis of equal motion in Z, he 
would be about the horizon. Had we been able to compute 
Sphufca-Savana-abargana, we could have got direct the 
planetary position when the true Sun is on the horizon. 
The correction for the difference in and I having been 
attended to through Bhujantara, we are now to attend to 
the correction for the difference Z— a. 

Verse 64. Another way of looking at the same, 

Had we obtained the Ahargana in terms of the local 
risings of the Basis in the place of the equatorial, and 
computed the planetary positions for the local true Sun- 
rise obtained that way, we would have done the three 
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corrections namely Bhujantara, Ohara and the Uday5nta*a 
as well. 

Comm. The correction of chara arises out of the 
difference between the equatorial risings and local risings 
of the mean Sun. The local mean Sun pertaing again to 
uniform motion along the celestial equator Udayantara 
has to be effected for I— a, ie. for the local mean Sun on 
the ecliptic. Thus we have obtained the planetary posi- 
tions for the local mean Sun-rise and to obtain them for 
the True Sun-rise, Bhujantara is to be effected. 

Verse 65. An alternative method of effecting the 
Udayantara correction. 

Double the H sine of the Sayana longitude of the Sun 
derived out of the smaller H sin-table, being multiplied 
by the daily motion of the planet and divided by 270 and 
the result in seconds of arc is to be corrected in the plane- 
tary position positive or negative according as the Sun is 
in the even or odd quadrants. 

Comm. (1) In symbols the correction indicated is 

m ^210 2? where m ia tne P lan6t ' 8 mean dailv motion in 
minutes of arc, I the longitude of the mean Sun, and 
H sine is taken where the radius = 120. In the commen- 
tary under the verse, Bhaskara adds ' Baoh quadrant of 
the eclipse rises (at the equator) in £th of a day but 
each Ras'i does not rise in X V of a day. Since this 
Udayantara correction vanishes when the Sun is at the 
ends of quadrants it must be construed that this 
correction increases positively or negatively from the 
beginning of the quadrant to the middle and decreases 
from the middle to the end of a quadrant. Saying that a 
particular Ras'i rises at the equator in n nadikas is only 
an approximate statement since the Ras'i does not rise 
uniformly. That is why astronomers like Aryabhata 
27 
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stipulated finding the risings of smaller arcs like horaa and 
Drkksnas. Find Hi^Ho". ie . H sin a. Take 

the asus in the arc of this H sine ie. find a in minutes. 
Then I— a gives the number of asus for which the correct- 
ion in the planetary position is to be effected, for, by 
these asus the True Sun-rise is accelerated or belated. In 
the middle of a quadrant these asus will be a little above 
26 Vinadis. To obtain them at any point of the quadrant, 
take H sin 21 as the argument so that the maximum correct- 
ion will be had at the middle of the quadrant by this 
argument. Then the rule of three is ' If by 120 as radius, 
we have 26 Vinadis, what shall we have for H am 22 V 
Th6 resulb i9 H i in^X26 = Hjin« approx i mate ly. 

Then another rule of three. " If by 60 Vinadis we have 
m' of the planetary motion, where the daily motion of the 

. H sin 21 «„ T . 
planet is w°, what shall we have for 

• . Hsin 2Z X m . , ^ H sin 21 X m Th 
result is 5U~~X"4^ minutes ^ Q 

the sign of the correction is clear. 

(2) We shall now prove Bhaskara's statement that 
at the middle of the quadrant, the correction is 26 Vinadis. 
We saw above that l-a = tan 2 <o/2 H sin 21. It is really 
creditable on the part of Bhaskara to have seen by intuit- 
ion that the argument is H sin 21. The maximum 
correction is therefore tan 3 to/2 expressed in asus or minu- 
tes of arc. Let x = tan 9 «/2 

log x = 2 log tan w/2. Take o» = 24 

Then log x = 2 x 1.3275 = 2.6550 

.*. x = '04519 radian = 155 minutes of aro ie, 
1&& asus = = 26 apply. 
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(3) Taking the case of the Moon, the max correofc- 

790 x 1Q0 
ion amounts to ^ Q " = 5' - 51". 

Verses 66, 67. The computation of Tithi, Naksatra 
and Yoga. 

The elongation of the Moon ie. the excess of the 
Moon's longitude over that of the Sun in degrees. (In 
case the former is smaller, add 360° to it and subtract 
Sun's longitude) being divided by 12 and 6, the quotients 
represent the elapsed tithis and Karanas. If the elapsed 
Karanas are K, count K — 1 beginning from Bava to 
get the current Karana and count from S'akuai to get 
the current one beginning from the mid-moment of 
Krsnachaturdasl. Take again the planetary position or 
that of the Moon in particular as well as the sum of 
the longitudes of the Sun and the Moon both expressed 
in minutes of arc and divided by 800. The first quotient 
gives the elapsed stars ie. the Stars covered by the planet 
or the Moon ; whereas the second quotient gives the 
elapsed Karanas. Then take the remainders in seconds 
and divide by the respective daily motions in minutes i.e. 
in the case of the planets or the Moon divide by their 
respective motions and in the case of yogas divide by the 
sum of the motions of the Sun and the Moon. Then the 
results give the times in nadls as to how much the next 
naksatra or yoga have elapsed. If it be required to find 
as to how long the next naksatra or yoga will last, 
substract the remainder from 800, and divide by the daily 
motions in minutes as mentioned above. The results 
give as to how many nadis beginning from the morning 
concerned, the next naksatra or yoga will last. 

Comm, (1) A lunation i.e. the time from the moment 
of New Moon to the next New Moon is divided into 
30 parts oalled Tithis. Their names are pratipat, Dwitlya 
etc upto the 15th purnima or full Moon and again 
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ptatipat, Dwitlya etc. upto the 30fch i.e. Amavasya- or New 
Moon. Thus pratipat starts when « = i.e. when the 
longitude of the Moon is equal to that of the Sun i.e. 
from the moment of New Moon when the Moon is in 
conjunotioniwith the Sun. «nr ^=^3: ^f^TOTSRST 
Wc*wra*ir i.e. Amavasya is that point of time when 
the Sun and the Moon are together. Pratipat lasts 
till d == © + 12 ; then Dwitlya begins and lasts till 
<t — © -f- 24 ; Thus purnima begins from the moment 
when <L = + 168 and lasts till <l = -f 180° and 
Amavasya begins when d = -f 348 and lasts till € is 
again equal to Thus a tithi is the time that is taken 
by the Moon to overcome the San by 12° beginning from 
the moment of New Moon. In other words the tithi is a 
measure of the phase of the Moon with a particular 
convention. 

(2) In modern astronomy the phase of the Moon or 

1 4- cos EPS 



that of a planet is measured by the formula 
where P is the planet or the Moon. Since ES is almost 




Fig. 29 



parallel to PS {Fig. 29) EPS may be taken to be nearly 
equal to PES which is the elogation of the planet or the 
Moon so that phase = 1 ~ co * Ep S approximately. So 



m 

in modern astronomy also the phase is measured through 
the elongation. But the maximum phase in modern 
astronomy is taken to be unity as could be seen from the 

formula, for, when EPS = 180°, the phase = 1. Thus 
the phase multiplied by 15 gives approximately the tithi. 
We shall have occasion to deal with this topic later. 

(3) Suppose <L — © = E°. The number of the 

E 

tithis elapsed is equal to the quotient in^- Take the 

remainder r°. It means during the current tithi which 
has a duration of 12°, r° have elapsed. Let the daily 
motions of the Moon and the Sun be m and s so that the 
Moon overtakes the Sun by m — s (expressed in minutes 
for . convenience) during 60 nadis. The elapsed time of 

. . t r X 60 X 60 _ . 

the current tithi m nadis is given by ^ m _ g ^ . *>u» 

r X 60 X 60 = Seconds of arc of the remainder so that 
it is said ^TT^f^fefe^T: If it be required to find how 
many nadis the next tithi lasts, (12-r)° or (12— r) X 60' 
is to be gained by the Moon over the Sun. So the time in 

„ , (12 — r) X 60 X 60 u^fafoferar: 

Nadis = = — - . 

m — s m — s 

(4) A lunation is again divided into 60 Karanas 
and so 6° of increase in elongation correspond to a Karana. 
These Karanas are eleven in number, out of which 4 are 
fixed to occur during the latter half of Krsna Chauturdas'I, 
during the two halves of Amavasya and the first half of 
the S'ukla pratipat. Their names are Stekuni, Chatuspat* 
Nagava, and Kimstughna. So there remain 66 halves of 
tithis daring the lunation during which the remaining 
seven Karanas, Known as Bava, Balava etc. rotate eight 
times. Thus the first half of the duration of any tithi is 
covered by one Karana and the latter by another. The 
computations of Karanas proceeds as with respect to tithis 
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btlt dividing the elongation by 6, we are asked to count 
K _~ 1^ (where K is the quotient) beginning with Bava 
because the first half of S'ukla pratipat is covered by the 
fixed Karana Kimstughna. The computation of the elapsed 
as well as the remaining nadikas of a particular Karana, 
it proceeds on the same lines as that of a tithi. 

(5) The Naksatra in which a planet or the Moon 
is situated is then found. The zodiac is divided into 27 
equal divisions beginning with its zero point and each 
division is named after the brilliant star of that division, 
Those stars are As^winT, BharanT etc. The star occupied 
by the Moon has a special significance in the Hindu 
calendar, ic being spoken of that every day is presided over 
by a naksatra. This happens so because the Moon's 
sidereal period is approximately 27 days. 

(6) To compute the Naksatra in which the planet 
or Moon is, take its longitude in minutes of arc X ; divide 

. ■ , • • ■ , 36 0* 360X60 

by 800, since each star division consists of = ^ — 

minutes = 200'. The quotient gives the elapsed naksa- 
tras. To get the elapsed nadikas of the current naksatra 
or the remaining, let the remainder be r'. Then the 
proportion is 4 If during the day of 60 nadis, the planet 
or the Moon goes p minutes what time does it take to 
cover r f or 800— r'. The answer is 

r'X60 (80 0-/0x 60 qW^foftTO 

— . — or ; = , 1 . 

pi pt pi 

(7) Regarding yogas, let the longitudes of the Sun 
and the Moon be and X in minutes of aro; let their daily 
motions be s and m in minutes. If the sum of the longi- 
tudes is 800', we say the first yoga named Viskambha is 
over, if the sum ia 1600', the second Yoga, named priti 
has elapsed. Thus going on if the sum is 360°, we say the 
27 yogas have elapsed and the first again begins. Since 
the sum of the daily motions of the Sun and the Moon 
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are on the average 59'— 8"4-790'— 35"=850', to bovfer 
one Yoga, they take roughly one day since the duration 
of a yoga is of 800'. To get the number of elapsed yogas, 
divide ( +M)' where M is the longitude of the Moon by 
(s-\-m). To get the elapsed nadls which are given by the 
remainder r' or the remaining nadls of the current yoga 
which are given by 800 ; the proportion is * If by s+m 
gain in the sum of the longitudes we have 60 nadls, what 
time is indioated by r 1 or 800— r' ?'. The answer is 

r' X 60 (800 - r)' X 60 nftafefofa*?: 

— -j — or — j = — , . 

m -\- s m-\- 8 m g 

By the word ircN?fefefs$T: is meant therefore the number 
of seconds of arc as many as the remainder r or (800— r) 
is in minutes or what is the same the remainder or 800— r 
converted into seconds, 

(8) The tithi, karana, naksatra of the Moon and 
yoga constitute four of the Angas of the panchanga or the 
Hindu Calendar the fifth being the week-day. All these 
five are supposed to have their effects good or bad on living 
beings. 

Verses 68, 69. The correction what is called Nata- 
karma. 

The Zenith distances of the Sun and the Moon at the 
end of Purnima or Amavasya at the time of lunar or solar 
eclipse, being expressed in nadis, are multiplied by 6 to get 
the degrees. Let their H sine be got from the short table 
of H sines. Multiply it by the equations of centre of the 
Sun and the Moon. Divide by 4920, and 4361 respectively. 
If the Sun be in the Eastern hemisphere, let the result 
pertaining to the Sua be subtracted from his position ; if 
in the Western, let it be added to his position. If the 
Moon be in the Eastern hemisphere and if his equation 
of centre be negative let the result be added to his position; 
if the equation of centre be positive, let the result be sub- 
tracted from his position in either of the hemisphere^. 
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Again from these positions, let the tithi be oomputed and 
again let the above process be oarried out until a oonstant 
time is arrived at for conjunction or opposition. 

Comm. (1) The above procedure is accepted by 
Bhaskara as Agama enunciated by Brahmagupta and 
reiterated by Ohaturveda as giving results that accorded 
with observation. We shall see that the correction known 
in modern astronomy as ' correction due to astronomical 
refraction ' is indicated here, though it was not stated 
explicitly. 

In faot what was stated by Brahmagupta was that 
the periphery of the Manda epicycle given as 13|° for the 
Sun and as 31-36 for the Moon hold good only on the 
meridian but the periphery of the Sun is to be increased 
or decreased by 20' according as the equation of centre is 
negative and the Sun is the Eastern equatorial horizon, 
or western equatorial horizon. If the equation of centre 
be positive the reverse correction is to be effected in 
the periphery i.e. for negative equation of centre. 

Periphery on the Eastern equatorial horizon=14°— 
On the meridian = 13°— 40> 

On the Western equatorial horizon = 13°— 20' 

For positive equation of centre 
Periphery on the Eastern unmandala i.e. 

equatorial horizon — 13°— 20' 

On the meridian = 13°— 40' 

On the Western unmandala = 14°— 
In the case of the Moon, for negative equation of 
oentre. 

On the Eastern unmandala =« 30 — 44 

On the meridian =31 — 36 

On the Western unmandala =-=32 — 28 
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For positive Equation of centre. 

On the Eastern unmandala =30 — 44 

On the meridian =31 — 36 

On the Western unmandala =30 — 44 

In betwoen the meridian and the unmandala, pro- 
portion is to be used, If by H sine Z equal to R, there 
is a difference of 20' in the periphery of the Sun, what 
will it be for an arbitrary H sin Z ? The result is 

1 1 H sin Z „,, „ 
H sin Z X 3 X = 36Q • Then again another 

proportion 41 If by 13f° we have the equation of centre Ej 
what shall we have for the above difference ?" 

HsinZ E t X 3 E t H sin Z 
The result is 36Q X 41 - 492 o 

E 9 H sin Z X 52 _ 
Similarly for the Moon ~ ' qq x 120 X 31| ~~ 

E a XH sin ZX52X5 _ E a H sin Z ^ E a H sin Z 
* 60X120X158 " 56880/13 4376 
which is taken as 4361 on aocount of approximating 

1 5 
52 and then multiplying by jgg 



60 X 120 138 

1 1 5 1_ _ J_ 

= 138 X 158 21804 " 2180 X# 4361' 

(2) In modern astronomy on aocount of astro- 
nomical refraction a celestial body is elevated towards 
the zenith by the formula K-tan Z where K has a 
particular value for all celestial bodies. Thus a body in 
the Eastern hemisphere, getting elevated the correction 
is to be negative and in the Western it is to be positive. 
We shall see how far the given correction accords with 
this. 

28 
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(3) Consider for the Sun first for negative 
equation of centre. 

(a) On the east, the negative equation being 

increased, elevation is effected. 

(b) On the west, the negative equation of centre 

being rendered less, elevation is effected. 

(o) For positive equation of centre, on the east it 
being lessened, again elevation is effected. 

(d) For +ve equation of centre on the Western 

side it being increased again it is elevated. 

Thus with respect to the Sun, the stipulated correction 
effects elevation in all the oases whioh accords with the 
effect of the modern refraction. 

Then let us consider the case of the Moon. 

(e) In the case of negative equation of centre, it 

being lessened in the East, the effect is 
depression. 

(f) And being increased in the west* the effect 

is depression. 

(g) In the case of positive equation of centre, it 

being reduced in the east, elevation is 
effected. 

(h) And in the west, it being reduced, elevation 

is effected. 

Thus in the case of the Moon, the phenomenon is 
recorded as depression in the case of negative equation of 
centre. Out of these two cases again the equation of 
centre being lessened is truly desirable as the Hindu 
equation of centre is in excess of the true value. So it 
need not be interpreted as depression. Regarding the 
other case, the error might have been due to the fact that 
a lesser parallax being taken,, whose effect is to depress 
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the celestial body, depression might have been noticed 
daring the ooarse of an eclipse wherein conjunction or 
opposition had to be belated ; or again the greater equation 
of centre as was postulated for the Sun, than what it 
should be when his equation of centre was negative might 
have depressed the Sun, so that the Moon had to be 
depressed to arrive at the correct moment of conjunction 
or opposition. Thus this correction of Natakarma which 
was accepted by Bhaskara on the reported Agama of 
Brahmagupta and also on tbe right endorsement of 
Chaturveda, must have been in fact no other than the 
effect of the phenomenon of astronomical refraction, and 
what further strengthens this observation is the prescri- 
ption of H sin Z which is proportional tan Z. Also the 
modern formula being A tan Z where A = 58" approxi- 
mately, when Z is sufficiently large, the magnitudes given 
by Brahmagupta are of the same order as that of the 
moderns. This correction of Natakarma really reflects 
much credit on the ancient Hindu observations. 

Verse 70. Computing the planetary position for a 
given moment. 

The daily motion of the planet being multiplied by 
the time that has elapsed or that is to elapse at which 
the planetary position is to be found, and divided by 60, 
and the result being substracted from or added to the 
planetary position found, will render the position hold 
good for the moment in question. The Sun and the Moon 
will beoome by this process of what is called mc^Tflnft*^ 
equal up to minutes for the moment of conjunction or 
opposition. For opposition only the Eas'is differ whereas 
the degrees, minutes and seconds in their positions will 
be equal whereas for opposition, the positions are equal 
in all respeots ie. Rasfis, degrees, minutes and seconds 
too. 

Comm, The meaning is clear. 



220 



Verse* 71 to 75. Obtaining what are called Suksma- 
naksatras. 

The computation of the naksatras done as pres- 
cribed before, is only approximate. Now I shall give 
the method of obtaining what are called Suksma- 
naksatras as prescribed by the Risis that are required to 
note auspicious occasions regarding marriages, journeys 
etc. people who knew about it, told that the six stars 
Vtfakha, Punarvasu, Rohini, and the three Uttaras or 
Uttaraphalgunl, Uttarasadha, Uttarabhadra have the 
duration of one and half stars ie. 3/2 X 790' — 35" = 
1185' - 62". The six stars Aslesha, Ardra, Swatl, 
Bharani, Jyeshtha and S'atabhishak have half the duration 
of a star ie. 395' — 17". The remaining 15 alone have 
one naksatra duration ie. 790' — 35". A star's duration 
is the mean daily motion of the Moon ie. 790' — 35". The 
Bum total of all the above 27 stars being subtracted from 
360°, give the duration of the star what is called Abhijit 
which occurs after Uttarasadha and before S'ravana. To 
obtain the star in which a planet is situated, convert its 
longitude in minutes of arc and substract the durations 
of the stars from Asfwini as many as could be substraoted . 
The number of stars whose durations are thus substraoted 
are deemed to have elapsed. The remainder is called the 
gata or elapsed portion of the current star and the 
difference of this gata and the duration of the current 
naksatra is called the Esya, ie. unelapsed portion. To 
obtain the elapsed time or the unelapsed time of the 
current star the gata or the esya is to be multiplied by 
60, and divided by the daily motion of the planet 
concerned the result being in nadls. 

Comm. One line in the verse 72 is evidently missing 
which should name Rohinl and the three Uttaras. We 
are able to know them from Bhaskara's commentary 
as well as from Brahmagupta and Stapati. In the course 
of the commentary Bhaskara reiterates what was stated 
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by Brabmagupba, that Risis like Pulisfa, Vasiatha and 
Garga spoke about these Suksmanaksatras. The 
duration of Abhijit oaloalated as direoted is 254' — 18", 
The ooio put ation as directed is easy for understanding. 
The reason for the durations indicated is not clear but 
is to be taken as based on Astrology. 

Verses 76, 77. The duration of the planets' transit 
into new Ras'is and the duration of the interval between 
successive stars, tithis, Karanas and yogas. 

The disc of the planet multiplied by 60, and divided 
by its daily motion gives the nadis of transit of the 
planet from Ras*i to Rasrt. This duration is considered 
to be holy for performing Vedic- rites. It is the holiest 
with respect to the Sun's transit in particular. A planet 
in its transit gives partly holy results not so much as 
the Sun, depending upon the nature of the previous and 
succeeding Ras'is. The duration of Sandhi for tithis is 
got by dividing the disc of the Moon expressed in seconds 
by the difference of the daily motions of the Moon and the 
Sun ; so also with respect to Karanas. The Sandhi 
between two Naksatras is obtained by the same measure 
of the diso of the Moon expressed in seconds of arc being 
divided by the Moon's daily motion. The Sandhi between 
two yogas is got by dividing the same numerator by the 
sum of the daily motions of the Sun and the Moon. 

Comm. (1) The Sandhi is the period that elapses 
during the transit of the diso concerned between the Ras'is 
and naksatra divisions. With respect to tithi, Ear ana 
and yoga, the divisions are imaginary not being seen in 
the Sky and the disc concerned is that of the Moon, and 
not that of the Sun though the Sun's motion is also taken 
into account. We say a transit from a division to another 
is current so long as the diso lies partly in the previous 
And partly in the latter. So the Sandhi begins when the 
diso touohes the next division and ends when its hind part 
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touohes the previous division. In other words it is the 
interval between the first contact of the disc with the 
succeeding division and the last contact with the previous 
division. 



(2) In the case of the Sun the duration of the Sans- 

32'} 

krSnti is equal to gg^jj" ot a day taking the maximum 
magnitude of the disc and the minimum daily motion 

approximately = .j^rgy X 60 nadls = 6 ~ = 34 ~ 12 

3021 

nadls approximately or more accurately — 

1301 12 3903 a _ 
~ 40 X 683 = 6830 of a day 
3903 v - 23418 

= eSa x 6 nadis = W = 34 ~ 17 n§dik5s - 

Taking liberal boundaries, the %<quR:%i or the elders 
Baying is f^rfer: <jif , f^lfo: qft ie. 40 nadikas on the whole. 



Here ends the Spastashikara. 



THE TRIPRAS'NADHIKARA 
Verse 1. The purport of this chapter. 

Pandits say that this is the scienoe of time in as 
much as, herein there is described the method of knowing 
the direction and the point of spaoa (where a celestial body 
is situated) given the time. Hence I expound that 
chapter, which gives that knowledge and which abounds in 
very important statements, which forms the quintessence 
of the scienoe of astronomy. 

Comm. This chapter is called Tripratfnadhikara, 
since this deals with the three questions pertaining to the 
direction and the point of space of a celestial body for 
a given time ie. dealing with Detfa, Dik and Kala. In 
this chapter we come across the Hindu methods of 
spherical trigonometry, and gnomonios or S'ankuvedha 
or observations with the help of a gnomon. Also we find 
herein a usage of what is oalled 'Golayantra' or the 
armillary sphere, which helped the Hindu astronomers to 
solve all diurnal problems. We find herein Bhaskara 
excelling himself. This chapter abounds in a good number 
of technical terms and without a knowledge of this 
chapter, no one could call himself a Hindu astronomer. 

Verses 2-4. To compute what is oalled lagna given 
the time. 

The lagna or the ascendant as it is oalled or the point 
of intersection of the eoliptic with the horizon at a given 
point of time is obtained as follows. Obtain the S$yana 
longitude of the Sun at the point of time at which it is 
required to find the lagna. Supposing the Sun is in the 
»*th degree of a particular Ravi, the number of asus whioh 
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give the rising time of the arc of (30 — r)° of that R5srt 

are called the Bhogyasus, or the asus whioh are taken by 

the remainder of the Ras'i to rise at the place. They are 

rgQ f ) x T 

equal to. _____ w h ere t gives the asus of the 

rising time of that Ras'i. The Bhuktasus on the other 
hand are the asus which pertain to the rising time of the 
arc of the first r° of that Ra.is, which are therefore 

r X^ 

equal to — ^q" ; from the given time substract the 

Bhogyasus formulated above ; then substract also the 
rising times of as many subsequent Ras.8 as could be 
substraoted. Let 'R' be the remainder of the time 
given. If t be the rising time in asus of the next Ras'i, 
R X 30° 

j gives the number of degrees by whioh the lagna 

has advanced in the next Rasi. These degrees added to 
the previous Ra_is beginning from v the equinoctial point 
give the Sayana or the modern longitude of the lagna. 
From this Sayana longitude if we substract the Ayanamsa, 
we have the Nirayana or the Hindu longitude measured 
from the Hindu Zero-point of the ecliptic If, however, 
the given time after Sun-rise expressed in asus say 'a* 

a X 30 

falls short of the Bhogyasus defined above, then, — ^ — 

where 3 is the rising time in asus of the Ratfi in whioh 
the Sun is situated, added to the longitude #f the Sun, 
gives the Sayana longitude of the lagna. 

Comm. The substanoe of these verses, though appears 
to be simple, yet is complicated which can be better under- 
stood with the help of a figure (Ref. fig. 30). 

Let SEN be the horizon, vER the celestial equator 
and vAJj the eoliptio where L is the point of lagna. 
Required to find vL the Sayana longitude of L from 
whioh if Ayanamsa be substraoted we get the Hindu 
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longitude. Let ~vk, AB, BC, CD, DF be the successive 
Sayana Rasfis called Sayana Mesa, Sayana Vrisabha etc. 

(The Nirayana Ratfis also starting 
from the Hindu zero- point are called 
Nirayana Mesa, Nirayana Vrisabha 
etc. and if in Hindu Astronomy 
« we use the words simply as Me?a, 
Vrisabha etc. especially in panoh- 
angas ie. the Hindu almanacs, we 
have to construe them as belong- 
ing to the Nirayana or the Hindu 
system whose zero- point is called 
the first point of the constellation Aswini and not^ r). 
rh = rD + DL = an integral number of Rasfis, say, n ' 
of them ie. n X 30° + DL, where DL is the arc of the 
Rasrt carrying the Lagna L, The question then resolves 
itself into knowing how many Rasis precede * D ' from r 
and what the measure of DL is. The data are (1) the 
Nirayana longitude of the Sun as computed by the 
methods of Hindu astronomy (2) The Ayanamsa of the 
year ie. ' ro ' where o is»the Hindu zero-point of the ecliptic. 
(3) The time after Sun-rise at the place, given in Savana 
units at which we are required to find the Lagna. 

Finding the Lagna at a given point of time »t a 
given place is not only necessary in astronomy but its 
importance is more in what is called horary astrology 
or Muhurta Sfastra, whose purpose is to fix an auspicious 
moment for the performance of marriages etc. as well as 
in astrology in casting a horosoope. 

The finding of the rising times of the various Ras'is 
at the equator, as well as at a given place was dealt with 
in the previous chapter. Those rising times are found in 
sidereal units, a sidereal day being divided into 60 nSdis, t 
or 60 X 60 Vinadis or 60 X 60 X 6 asus. These units 
are of constant magnitude since a sidereal day, which is 

29 
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the period of diurnal rotation of the earth is of constant 
magnitude. In the data given above, the time is normally 
given in Savana units, ie. mean solar units. A Savana 
day is of 60 X 60 X 6 + 59 asus, which is greater than a 
sidereal day by 59 asus because the mean Sun advanoe by 
69' — 8" per day among stars and as such the Sun-rise the 
next day is belated by 59 asus approximately. The given 
time in Savana units could be cGnverted into sidereal 
units as per the approximate ratio 21600 : 21660 which 
means for every Savana nadi we have to add one asu or 
for every hour four seconds. Then the procedure of finding 
the Lagna will be a little different from what it would 
be if we proceed with the Savana units. The complex- 
ity mentioned before, arises out of the Savana units, 
and this has been explained by Bhaskara in Goladhyaya 
under the title arfSCTf^Ftarcorarcirrr in *he beginning of the 
chapter called fsrsnj^r^r. Now the procedure will be 
explained. Let (Fig. 30) S' be the position of the Sun 
at the Sun-rise and S his position at the time at whioh 
the Lagna is to be found so thst the Sun has advanced 
by S'S ie. which measured in minutes of arc is called gati- 
kalas. In a mean solar day these gatis-kalas would be 59, 
and in the given time after Sun-rise they will be 
proportional. The time given after Sun-rise pertains 
to the rising time of the arc S'L which we have in sidereal 
units. We shall firat find the Lagna using sidereal units 
by measuring S'L, so that we may latter understand 
Bhaskara's reasoning for his stipulation of cTR^Tf^R^'ir 
on whioh basis he finds the Lagna with the Savana units 
taking the position of the Sun at S instead of S'. 

We know the position of the sun at sun-rise ie. S', so 
that the rising time of As' ie. the previous arc in the Rasi 
in whioh the Sun is situated is given by Bhuktasus defined 
above and the rising time of S'B the remaining arc 
of the Rasi is given by Bhogyasus. Subtract from the 
given time converted into sidereal units if they are not 



sidereal, the rising time of S'B ie. the Bhogyasus, whose 
formula is S'B (indegrees) X T whflre T u the riging time 
30 

of that Rasi expressed in asus. Then subtract the 
rising times of as many subsequent RaVis as could 
be subtracted ie. here from the figure the rising times 
of BO, CD. Then there remains the rising time 
pertaining to the arc DL from which we could calculate 

R X 30 

the magnitude of DL in degrees by the formula — - — 

where 'R* is the remainder in time after subtracting 
the rising times of s'B> BC, CD and T the rising time of 
the Ras'i D.3T. Then the longitude of L is r A + AB + 
BC -f OD + DL = 4 X 30 + DL (In the figure shown 
rD cannot equal 4 Ras'is but will be far less than that but 
for illustration alone, we have represented it as consisting 
of 4 Ras'is). 



The method of finding the longitude of L as above is 
quite plain being done on the basis of sidereal units and 
taking the position S' of the Sun at Sun-ri3e. But Bhaskara 
adopts the position S and Savana units which compelled 
him to take pains to explain what is called clTc«TT^tas?Jt 
or obtaining the position S from the Sun-rise position S'. 
In fact the Sun is at S at the time at which the Lagna 
is to be found and we have to find DL as before. 
The argument advanced by Bhaskara is that the rising 
times of SB, BO, CD, DL measured in sidereal asus, will 
be just equal to the Savana asus, from Sun-rise, because 
the arcs S'L and SL differ by S'S ie. by the gatikalas 
pertaining to the time after Sun-rise. In other words, if 
the rising times of S'A + AB + BO + CD -f DL in 
sidereal asus give the sidereal time after Sun-rise, the 
rising times of SA + AB + BC + CD + DL in the same 
sidereal asus give the Savana time after Sun-rise. Hence 
Bhaskara used the word ciTcSRf^n^r in the beginning of 
the verse 2. Then he himself raised a purvapaksa or 
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the argument of an imaginary opponent namely " la the 
time given measured after Sun-rise Savana (mean solar) 
or Naksatra (ie. sidereal) ? If it be the former, how is it 
you are subtracting the rising times of sA, AB etc. which 
are sidereal from your Savana units? Further, should you 
not take the position of the Sun at Sun-riae namely S', 
because the time given is what has elapsed after Sun-rise ? 
Also, why should you complicate matters by accepting 
Savana units when the question is simple if dealt with 
sidereal units ? 

To this Bhaskara answers as follows — 

" True it is, what you say. Generally in day to day 
life, time is given only in Savana units and not side- 
real. Further you cannot avoid Savana measure, for, 
in the case of an arc moved by a planet, in its diurnal 
circle time is measured in the Savana units pertaining 
to the planet. (The Savana units of a planet are 
different from what they are for the Sun depending upon 
the arc moved by the planet in question during a day). 
These Savana units are what are termed Kshetra-Vibha- 
gatmika or what depend upon the arc covered in the 
diurnal path in contradistinction to the Kala-Vibhagat- 
mika units or sidereal units. (In other words pure time 
is what is measured in sidereal units which is a standard 
measure, whereas time which has the bias of the motion 
of the planet also ie. whioh we seek to measure by the arc 
moved by a planet in its diurnal path, is Ksetra-Vibhagat- 
mika). Thus having had to accept the Savana measure 
also, we seek to proceed on that basis, though we could 
convert the Savana measure into the sidereal and 
proceed without complication ". The argument which 
Bhaskara gives for rTTc^f^^^ir is further as follows. 
The measure "of the arc SL using the rising times in 
asus ie. sidereal units, is the Savana measure of the arc 
S'L done in sidereal units. Instead of subtracting the 
rising time of S'A from the given time oonverted into 
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sidereal, we subtract the rising time of SA from the given 
Savana time and the result will be the same, for, 

— SA = — (S'A - S'S) = S'S - S'A. which means 
subtracting SA from the time tantamoants to increasing 
by S'S and subtracting S'A. This increase by S'S is add- 
ing what have been defined as gati-kalas so that automati- 
cally the Savana units got converted into sidereal units, 
by taking the position S and subtracting SA instead of 
taking the position S' and subtracting S'A. The result is 
the same. So, it is said ' eTTcf»rf!r^re»*«i ' in the beginning 
of the verse 2. 

In the second case mentioned in verse 4, if the time 
given, falls short of the Bhogyasus, then simply x ^ ^ 

where x is the time given in asus and T the rising time of 
the Ras'i in which both thje Sun and the lagna are then 
situated gives the arc in degrees which if added to the 
longitude of the Sun gives that of the lagna. Here also 
the position ' S ' counts. 

Verses 5 to 6£. To find conversely the time that has 
elapsed after Sun-rise given the lagna. 

The Bhogyasus of the Sun and the Bhuktasus of the 
Lagna together with the rising times of intermediate 
Basis gives the time required. 

If the Sun and the Lagna both be in the same Rasti, 
then the arc in between them, multiplied by T and divide 
by 30, giveB the time required. 

If, however, the longitude of the Lagna falls short of 
that of the Sun, ie. if the Sun be below the horizon, (in 
this case SL > 180°) then finding the time of rising of SL 
and subtracting from a day, we have the time of the Lagna 
before Sun- rise. 
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However, here, there is one complication if we 
consider the 3T?4iTf^KT% ie. s the San at the given time. 
This position of s cannot be had unless we know the time, 
which is itself required. So we get in the first place the 
time pertaining to Sji'L, which is the time measured in 
sidereal units the position S' being that of the Sun at Sun- 
rise. If we don't take recourse to convert this time in 
sidereal units to Savana units using the proportion 
between them, then the alternative is to obtain the position 
S using the time obtained and then calculate the time 
again in Savana units. 

If the time given to find the Lagna, be sidereal, it 
goes without saying that we find it from S'. Also S' 
being given and if the time after sun-rise is required in 
sidereal units for a given Lagna, the method of succes- 
sive approximation is unnecessary. 

Verse 7. To find the Lagna before Sun-rise called 
Vilomalagna. 

Suppose it be required to find the lagna before Sun- 
rise, given the time before Sun-rise. Obtain the then posi- 
tion of the Sun and find his Bhuktasus; subtract them from 
the given time ; from the remainder, subtract the rising 
times of as many Rastis as could be, rasis behind the Sun's 
position. If R be the remainder in the time after these 
subtractions, then R X 30/T where T is the rising time of 
is the next preceding Ras'i, together with n X 30, where n 
the number of integral Rasas subtracted and the arc 
of the next Rasri by which the Sun has advanced in his 
Rasi at the time of the Lagna (known from the position 
of S found) the sum total of these three items being 
subtracted from the position of S gives the longitude of L. 

Comm. Easy. 

Verse 8. To obtain the East- West line. 
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The East-West line is roughly the join of the 
extremities of the morning shadow as] well as that in 
the after* noon of a guomon placed at the centre of a 
circle drawn on a plane with any arbitrary radius, 
when those shadows equal the radius of the circle. But 
this line is to be deflected keeping its western point ie. 
the extremity of the morning shadow fixed through a 

distance g ^ 81D & ~ sm ^ at the eastern end perpendi- 

COS 

oular to it, where the above distance is measured in units, 
which measure K. 



Comm. The east and west points are where the 
celestial equator cuts the horizon. The east point is 
thus the point where the Sun-rises when he is exactly at 
the vernal equinox. The question is how to draw the 
east-west line on a plane. For this we are asked to 
dcaw a circle with any radius on that plane. The plane 
is described here as ^sw.-^prw^^clfgift that kind of sur- 
face as is determined by the surface of water there. Such 
a kind of surface forms approximately a horizontal plane 
not of course exactly because such a surface is really 
spherical, the earth being a sphere. But because the 
radius of the earth is sufficiently large, we can take such 
a surface to be a horizontal plane for all practical purposes. 
Having drawn a oirole place the gnomon vertical at the 
centre. In the morning note the extremity of the shadow 
when it equals the radius. In the afternoon also mark 
the point when the shadow equals the radius. Join those 
two points. It represents rougbly the east-west line, 
roughly because the Sun's declination changes in between 
the two moments however small the change might be. 
Ignoring the change in the declination, this line will 
be east-west because of the following reason. The length 
of the shadow is 12 tan z where 12 units are the measure 
of the gnomon. But since the shadow on both the occasions 
is equal to the radius of the circle z, the zenith- distance 



232 



will be the same on both the occasions. Then the spherical 
triangles PZSj and PZS 9 where P is the oelestial pole, Z the 
Zenith and S x and S 9 are the positions of Ijbe 8un on the 
two occasion, are congruent their three sfitgB being respe- 
ctively equal, provided we take PS, = PS a ie. 90 — = 
90 — £ 9 ie. & = on both the occasions. When the 

two triangles are thus congruent, PZSi = PZS, ie. Si and 
S, are equidistant from the plane of the Prime- Vertical. 
Hence the extremities of the shadows will be equidistant 
from the East-West line ; or this may be seen in another 
way ; S x S t will be perpendicular to the meridian plane 
and as such parallel to the plane of the Prime- Vertical. 

The correction mentioned in the verse is known as 
the Agrantara correction which was originally given by 
Chaturveda charya and then accepted by Srlpati. Why 
it is called Agrantara is because it is a change in what 
are called Karnavrittagras of the two occasions where we 
shall see in due course that the formula for Karnavrittagra 

is ^ S1U /^ where K is hypotense of the gnomonic triangle 

COS 

formed by the gnomon and its shadow S at any place and 
time. This correction is a very minute correction and 
as a matter of fact could be ignored. But the fact that the 
Correction was cognized and correctly formulated testifies 
to the knowledge of the sphere which the above 
acharyas had. Assuming the formula of the Karnagra 
here (it will be proved by us later in this chapter) if 
& and £ t be the declinations on the two occasions 

respectively the Karnagras will be ^ BlU ^ i and ^ S * n ^ 8 
r ° cos y cos f 1 

K being equal on the two ocoasions because the shadows 
are equal. Hence the correction being the difference of 

a — -4. . K ( sin Si ~ sin 
the Agras, it is qob f as s6ated b ? Bh as- 

kara, 
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We shall now prove it in modern terms from the- 
spherical triangle PZS. We have the formula sin $ = 
sin d) cos 55 -j- cos 4> sin z sin a where PZS « 90 — a, a 
being the Hindu azimuth measured from the East point. 
Multiply the above equation by K and divide throughout 
by cos <f> where K is called the Chayakarna equal to 
/>/12 a -f- y a , S being the gnomonie shadow at the moment. 
Hence 

K sin ^ . . __ . 

j— = K cos z tan <£ + K sin z Bin a (1) 

cos v v ' 
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Fig. 31 




Fig. 32 



But from Fig. 31, K cos z = 12, K sin z = S, (2) 
and from Fig. 32, 8 sin a = b where b is called the 
Chayabhuja ie. Chayabhuja = K sin z sin a (3). Thus 
K sin $ 



cos (j) 



= 12 tan & + b. 



But again from Fig. 33, when the Sun at vernal 
equinox is on the meridian and as such has a meridian 
zenith-distance equal to <£, 12 tan d> = s where s is called 
the Vishuvat-ohaya or equinoctial shadow. Thus we have 
K Bin g 



cos d) 



= s + b (4). 



Again if the Sun be on the horizon, from Fig. 34, 
E © is called the Agra, A, so that from the triangle P N, 
30 
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12. 




* © qo-A 



Fig. 33 



Fip. 34 



sin £ 



cos (90 - S) = cos ^ cob (90 - A) ie. ^-g = sin A or 



sin B 



in the Hindu form H sin A = R ^-g- = Agrajya" (5). 

This AgrajyS is in a circle of radius R, and if it be re- 

K R sin $ 

duced to a circle whose radius is K, is will be X qog ^ 

"K. sin ^ 

= p which is called Karnagrn. Hence we have 

cos 

Karnagra = s + b which we shall write as a = b + s (6). 
This is an important formula which is going to be 
formulated later in verses 72, 73. In the above formula, 
s being constant, by differentiating = §b which means 
that the variation in the bhuja is on account of the 
variation in the Karnagra. If in Fig. 35, (V, CE" be 
morning and evening shadows when they are equal as per 
the verse under comment, Mw' = b the morning bhuja, 
= h f , the evening bhuja dE' is the variation in the 
bhuja ie. b — b' = *§b which is formulated and equal to 

/Ksin§\ K £ (sin g) , , . 
3«. But fca = * ("ST^) = cos<* » * 1)01118 0<m - 
stant and K also being constant because the shadow 

S is constant and K = n/S 2 + 12 a = oonstant on both 

K 

the occasions. .\ %b - £K = ^-j (sin & - Bin 8,) 
as stated by Bhaskara. 



235 
ui 




Fig. 35 

Verse 9. Having determined the East-West line as 
mentioned, by drawing with a compass with the same radius 
on either sides of E» (E<u is the East-West line through the 
centre of the oircle drawn parallel to the rectified East- 
West line namely W co' where E" J is the approximate 
East- West line obtained by the join of the extremities 
of the shadows) two arcs which intersecting each other 
form a fish-like enclosure as shown in the figure and 
as such called Matsya meaning a fish, and joining the 
ends of the fish namely /, g and producing fg, we have 
the south and the north points s and n. Or again, 
the north-south line could be had from Fig. 36, where 
EG is a rod held in the direction of the north-pole 
as seen by the eye at e and EA and CB the lines indioated 
by the plumb-line called 3H«am<Mi * A and B being on 
the plane and AB joined passing through N, the north- 
point. Or again the directions could be determined as 
follows from a single shadow S namely C«' in Fig. 35, 
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calculating the bhuja co'M and Koti 
CM ; Bhuja and Koti being known, 
and the shadow Co/ being drawn, 
holding two rods whose lengths are 
equal to the bhuja and Koti perpendi- 
cular to each other, one extremity of 
the bhuja-rod being held at a>' and 
one extremity of the Koti-rod being 
held at 0, and the rods making a 
right angle at M, then the bhuja-rod 
determines the north-south direction 
and the Koti-rod the East-West dire- 
ction. 



Fig. 36 



Verse 10. The Bhuja is defined as the distance of the 
extremity of the shadow from the east-west line where 
the S'anku or gnomon is placed at the intersection of 
Eo> and NS. Koti = «/S a - 6 3 .\ Koti will be in the 
East-West direction. So Chay^-koti = K sin z cos a (7). 

Comm. Easy. 

Verse 11. Th e Cbayakarna, K is equal to JS* + 12 3 , 
so that VK 2 - 12 a = S or ^(K + 12 j (K - 12) = S. 

Comm. Easy. 

Verse 12. The S'anku is also called Nara or Na. 
The zenith-distance of the Sun at Noon when the Sun 
is in r is the latitude of the place, called pala or 
Aksha ; the altitude then is called lamba or oolatitude. 

Comm. The word S'anku we have previously used 
for the gnomon. It is also used for the H cosine of 
the zenith-distance and to ' differentiate it from the 
previous Sfanku oalled Dwadasangul'a-S'anku or 
twelve-unit-length S'anku, it is termed Maha S'anku 
and occasionally Ista-S'anku. Maha Stenku or Ista 
Sanku = H cos » (8). Thus in figure (37) 0M = 
H cos z. In the fig. where gn — gnomon, go = S 
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the shadow, © = the position of the Sun whose zenith- 
distance is ©z. If z' be taken as the zenith 0z' meas- 
ures the zenith-distance whereas if z be taken as 
the zenith Oz is the zenith-distance. The apparent 
inconsistency that both 0z' and ©z are taken 
as the zenith-distance is not there if we consider the 

zenith-distance as the angle nz[ — © oz. = R, 
© z = z, so that 0L-H sin z, and LO = © M = 
H cos z = S'anku or Nara or Na. 1 it is oalled Nara or 

Na which means man, because 
x a man may consider himself 
as a gnomon, which is called 
*" S'anku. So ' the word is also 
applied to the parallel H cos z 
parallel to the gnomon and 
called Mahas'anku. H sin z is 
called DrigjyU (9) zenith-dis- 
tance is known as Nat i because 
k" m f & ° it is depression from the zenith*. 

©K (Fig. 37) is cailed the un- 

Fig. 37 . 

nati or altitude. 
Verses 13 to 17. Latitudinal triangles (Ref. Fig. 21). 

(1) The right-angled triangle formed by the 
gnomon, the equinoctical shadow and the hypotenuse 
called Vishuvat-karna is the fundamental latitudinal 
triangle, which is like knowledge that will be the basis 
of all good things of the world, for example, respect, 
money, fame and happiness (Fig. 33). 

(2) The second latitudinal triangle is that which is 
formed by H sin H cos and the radius E of the 
sphere (Ref. A O Q L Fig. 38). 

(3) The third latitudinal triangle is that formed by 
Kshitijya, 8 X B t Kranrijya E,- B t and Agrajya E, Si ie. 
the projected triangle E x S x Bj of ESB (Fig. 21) on the 
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Fig. 38 



plane of the meridian - where E t is the o eat re of 
the sphere. 

{4\ The fourth latitudinal triangle is E, S, F x the 
projection of E8F (Fig. 21) on the meridian plane 
where E x Ej is the Sama-S'anku or the S'anku of the 
celestial body when it is on the prime vertical. ^ S ± 
is the Agrajya as mentioned, S x F x is what is called 
Taddrti. 

(5) The fifth latitudinal triangle is E, B l F t where 
E 2 B x is Krantijya or H sin ft, E t Fi is the Sama- 
S'anku defined above and Bi F 1 is what is called the 
higher segment of the Taddrti which is equal to 
Taddrti minus Kujya or Kshitijya. 

(6) The sixth latitudinal triangle is E a D x Bj 
where E t Di is called the first segment of Agrajya, Di B, is 
what is called un-mandala S'anku or H cos z of the 
celestial body when it is on the unmandaia or the 
Equatorial horizon and E, Bi Krantijya. 
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(7) The seventh latitudinal triangle is Di St B x 
where Di 81 is the second segment of the Agrajya, Si Bi is 
the Kujya, and Di B l is the unmandala S'anku. 

(8) The eighth latitudinal triangle is B, F x 
where B* L, is equal to the first segment of Agrajya, 
K p t is the higher segment of Agrajya, L, is the 
higher segment of the Sama-Vritta-S'anku, and I\B t is 
the upper segment of Taddrti mentioned 'hefore. 

Comm. It was already mentioned that 1 a latitudinal 
triangle is such a right-angled tri-angle constituted by 
the chords of the celestial sphere where the angles in the 
triangle are <£, 90 - <£, 90°. The side opposite to 9 is 
called the Bhuja, that opposite to (90 - <f>) is called 
Koti and the third Kama. Such triangles are not only 
eight as have been mentioned, but many more will be 
there as mentioned by Bhaskara. They are all formed 
as mentioned by him by the intersections of the diurnal 
paths and the celestial equator with the ciroles of the 
sphere namely horizon, prime vertical, meridian, 
Equatorial horizon and declination ciroles. These 
circles clearly intersect at & or 90 — 0. The eight 
triangles mentioned are those whose elements will be 
entering computations. There is another important 
latitudinal triangle with which we have to deal later 
namely that formed by what is called Hriti, S'anku, and 
S'ankutala (Fig. 39). 

3 K = Agra ; 0,G = S'anku-tala ; ON = S'anku-bhuja 
= OK .". Agra = Sfankutala + S'anku-bhuja 

Aera = R I S'ankutala = H cos Z tan 

B H 008 

™ 1 , l • H sin z Hsina /-d f fi 4 nn 
S'anku- bhuja = ^ t^et. n 8' * u J 

H D :_ $v . . H sin z H sin a T 
jk sm = H cos z tan H ^ — I 

H cos 




Fig. 39 

or in modern terms sin g = sin i cos z + cos sin z sin a 
as derived from the triangle PZS. Formula I is with 
respect to the Maha S'anku L of fig. 40 ; if it be reduced 
to the Sanku of the gnomon the S'anku-bhuja N becomes 
the Chayabhuja pr which will be equal to 

H sin z H sin a v K „ . 

~ R ~ Sm Z 8m a w " ereas » 

a - k R H sin $ K K sin $ 

Agra becomes jj oos ^ X - = — ^ which is called 

Karnagra and S'anku-tala becomes 

H cos z tan X K 

^ = K cos z tan & — 12 tan d) — s, 

which is a constant quantity. It will be noted that 
Karnagra differs from point to point since K differs from 
time to time during a day. In fact Karnagra is the 
perpendicular dropped from the extremity of the shadow 
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on the line parallel to the Bast-West line and north of it 
at a distance of the equinoctial shadow. As the shadow 
varies from time to time Karnagra -varies from time to 
time. Chayabhuja is the perpendicular dropped from the 
same extremity of the shadow on the East-West line. 
(Vide figure under verses 72, 73). 

Let fig. 39 represent the diurnal path of a oelestial 
body whioh is parallel to the Equator. Let A be the point 
where the oelestial body culminates or crosses the meridian 
of the place, B the point where it crosses the prime 
vertical, C any arbitrary point of the orbit and D the 
point where it is on the Equatorial horizon, unmandala. 
Drop perpendiculars from A, B, C, D to the plane of the 
horizon, namely Aa, Bb, Go, Dd. Let MO t O a 0, 4 L be 
the line of intersection of the plane of the diurnal circle 
with the horizon so that, LM is oftlled the Udayastasutra, 
L being the point where the body rises and M where it 
sets. A line through D, the point where the diurnal path 
cuts the Equatorial horizon, drawn parallel E« the East- 
West line will be a diameter of the diurnal circle and as 
such bisects the path. Draw perpendiculars from a, b, o, d 
to ML to meet it in 0„ O a , O g| 4 . By the theorem of 
three perpendiculars Ao lf Bo a , Co,, Do 4 will be perpendi- 
culars on ML in the plane of the diurnal circle. It is 
clear from the figure that all these right-angled triangles 
Aoxa, Bo t b, Go 8 o, Do 4 d are not only mutually similar but 
also are similar to the latitudinal triangles, in as much as 

s\ y\ y\ 

the angles A, B, 0, D, the angles between the vertical 
plane and the diurnal plane being equal to the angle 
between the planes of the prime Vertical and the Equator, 

xs. s\ /\ s\ 

are all <j> and angles a, b, o, d are right angles. Hence 
these triangles are alBO latitudinal. In faot Bbo a , Ddo 4 were 
already included by us in the list of the eight latitudinal 
triangles since they are oongunent to ^ t F x S t and D, B, Si. 
As a matter of faot O a B is Taddhrti itself, 4 D Kujya, 
31 
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Bb = Sama-S'anku, and Dd unmandala S'anku. 0,b is not 
actually the Agrajya" but parallel and equal to it, sinoe 
Agrajya is the H sine of SE of fig. 21, which is the per- 
pendicular from S on Ew. Similarly do 4 is not the second 
segment of Agrajya but a parallel and equal segment. 
Thus Bb is the perpendicular distance between EE' and 
EE' ie. Ew and a parallel through E to Ew (fig. 21.) 
Dd is the perpendicular distance between DD' and BB'; 
bo 3 is the perpendicular distance between Ecu and SS' ; do 4 
the perpendicular distance between DD' and SS' (fig. 21) ; 
Bo 3 the perpendicular distance between EE' and SS'; Do 4 
the perpendicular distance between BB', SS'. In this 
fig. 39, OiA is called Hrti, Co s =Ishta-Hrti or any arbitrary 
hrti. Taddhrti Hrti and Kujya are special cases of 
Ishtahrti. Hrti is the maximum of Ishtahrti. Calling 
Aa, Bb, Co, Dd S'ankus in general ao„ bo 3 , co 3 , do 4 are 
called S'ankutalas. Aa is called Dinardha-S'anku or the 
S'anku of the mid-day ; whereas Dd is the unmandala- 
S'anku and Bb Sama-S'anku. Cc is oalled Ishta-S'anktt. 
Perpendiculars from A, B, C, D on the plane of the prime 
vertical are called S'anku- bhujas. Since B is on the 
prime- vertical itself, the S'anku-bhuja is zero and at 
.this point BO a is Agrajya. In the arbitrary case at C, 
the perpendicular from C on the plane of the prime- 
vertical being S'anku-bhuja, which is equal to the per- 
pendicular from C on Eco, and Co 3 being the S'anku-tala, 
and since the perpendicular distance between ML and 
Ew is the Agrajya, which is equal to the sum of O, C and 
the S'anku-bhuja S'anku-tala 4- S'anku-bhuja = Agrajya. 
(10) which is a different expression of (5). We shall 
present this analytically. Putting S'anku = H cos z, and 

using the latitudinality of Cco 3 _ 5^5 _ ^§ 

applying similarity with the first fundamental latitudinal 
triangle where s = equinoctial shadow, and K the 
Vi?uvat-J£arna. Henqe we have 
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K H oos z cos z . . 

Co 3 = Ishta-hrbi = 22' H cos z = UD 

Oo 3 = S'anku-tala = ^ H 008 z = H 008 z fcan p 

Hcosz H sin 9? , 1oN 

= _- = R oos z tan p (12). 

H oos <p 

From the triangle PZS, we have the formula 
sin B — sin 9 cos z+cos p sin z sin a written under verse 8 

. cos z tan p + sin z sin a or in the Hindu form 

oos p 

Rain?} , H sin z H sin a 

= H oos z tan p + ^ — . !• 

COS p 

R sin 8 RH sin S 
We saw under verse 8 that H ooa ? - H cos p 

= Agrajya (formula 5). Also we have from (12) above 
H cos z tan P = S'anku-tala. From fig. 40, if SM be drawn 
secondary to the prime-vertical, the right-angled spherical 
triangle SMZ gives 

Sin x - sin z sin a when SM = x or in the Hindu form 

H sin x = iil^i 8 ^ ; but H sin x we defined as 

S'anku-bhuja, so that the equation I above may be written 
Agrajya = Stenku-tala -f Sfanku-bhuja which is (10). 
H sin a is called Dih-jya and H sin z, Drfrjya. Formula 
(10) or (6) is the Hindu expression of the modern formula 
sin $ = sin p cos z + cos p sin z sin a. But the beauty 
lies in reducing (10) to the formula derived under . verse 8 
namely a = b + s ie. formula (6) to the horizontal plane, 
introducing the concepts of Karnagra ,and Chclyclbhuja 
(Ref. fig. 40'). The lines corresponding to O x A and 3 C 
in the Equatorial plane are called Antya and Ishtantya. 
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Fig. 40 



Hrti = 0,A = 00, +0 A 
= Kujya + H cos S or 
Dhujya VI since 00 £ = 
D0 4 = Kujya. The line in 
the Equatorial plane cor- 
responding to Kujya is 
Charajya which is equal to 
B tan <p tan g (13) so that 
we can write Kujya = 
R sing tan tp—Hsin^ tan 9 
(13'). Also from VI 

Antya = R -f Charajya 
= R + R tan <p tan g (14) 
which gives us the duration 
of half the day where R 
gives 6 hrs and Charajya 
the increment in day due 
to <p and g. 

Verse 18. To obtain the 
magnitudes of the various 
chords or the elements of 
the latitudinal triangles. 



The elements or the sides of all these latitudinal 
triangles are mutually derivable from similarity. 

Comm. Easy. 

Second half of Verse 18. The radius multiplied by 
the Kotis or Bhujas and divided by the Karnas gives 
H cos q> and H sin <p. 

Comm. The seven triangles except the second/ of the 
eight latitudinal triangles are compared here with the 
second. Remembering Bhujas are the sides of the 
triangles opposite to <p and Kotis opposite to 90 — <p, 
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in any triangle -fj^ in the seoond latitudinal 

triangle = /. *£g£* - H sin , Akshajya 

or Palajya (15) Similarly in any triangle is equal 

to the w ~ in the second latitudinal triangle = ~ — 

Karna " 

80 that ^55T ^H_co b , = Umtejya (16). 

Ferae. The arcs of H sin <p and H cos <p are respec- 
tively the Akshamtfas and lambams^a3 as they are called ie. 
latitude and colatitude. H sin <p and H oos p are also 
obtainable thus ^R 3 ^H^In a T= H cos y and H sin p = 

_ . H sin p X Koti , 

JB?-E. cos 3 <p Or again Bhu]a, ~ 008 9 

Hjoos_p_Xj3huja = H siQ where bhe Bhu j a and Koti 
Koti 

may belong to any latitudinal triangle. 

Verse 20. Agrajya can be had by multiplying KrSntijyS 
by Karna of any lat. triangle and divided by its Koti. 

Also Sama-S'anku = f^j* X Krantijya and 

Sama-Sa nku^Karna ^ Taddhrti 
Koti 

Comm. The first of these statements pertains to the 
similarity of the third triangles to the others. The second 
of the statements pertains to the similarity of the fifth 
latitudinal triangle bo others whereas the third pertains to 
that between the fourth and the others. 
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Thus Sama- S'anku or S.S. 
HaingxB R 8 i n § 
Hsin*, or li^-p (17). 



Taddhrti = x w R ~ - --*J*L& , lfrt 

H sia ? * H oos ? - sin p cos^ ( 18 )* 

Fera« 21. Taddhrfci = ?^L2<Asr&m " 

Bhuja 

tonrtlZrl , Thi f P. ertairis t0 similarity between the 
fourth latitudinal triangle and the others. 

Latter half of Verse 21 and first half of Verse 22. 

Sama - S'anku = MgML* Agrajya X Koti 

Kariia Bhuja -- 

g ama-S'ankn x Bhuja 

"Koti = Agrajya. 

Cow The first statement is made out of the 
"^^^^Mi* ^iangle and the ^ 
whereas the second statement and the third aa well are 
made out of the similarity between the third and others 

II half of Verse 22. Sama - S'anku = Upper 
segment^f^addhrti X Kama 
Koti 

and Sre ^ Bimihrity is between fifth triangle 

Verse 23. Kujya = Krantijya X Bhuja/Koti 

Upper segment of Taddhrti = ?^m3_><_^. 

Bhuja^ and 

Kujya + Upper segment of Taddhrti. 

^r^h fhl • Wlth ° thers ' ^ereas the second is 

hrough he similarity of the fifth with the others. The 
third statement is clear from Fig. 21, 
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„ nJ Kujya X Bhuja aannnA OQ „ mo «f ~t 
Verse 24. — Iforna = secon " segment of 

Krantijya X Koti . A . 

Agrajya EkrnfT = segment of Agrajya 

and Agra = Sum of the two segments. 

Comm. The first statement is based on the similarity 
between the seventh triangle and others and the second on 
the similarity between the 6th and the others. 

^ _ e First segment of Agra X Bhuja 
Verse 25. S ^ 

tt 3 i cv i a Krantijya X Bhuja . ^ 

= Un-mandala-Sfanku and £ - \s 

Karna . 

= Un-mandala-S'anku. — ~ ~ x^J 

Comm. Both the statements are based upon the 
similarity of the sixth triangle and others! Thus uri- 

n 1 . i tt a Hsin 8 X H sin p _ 
mandala stonku — U.S. = ~~~B — 

= R sin g sin <p. 

tr n a First segment of Agra X Koti 

Verse 26. — 5 — __. — ^ — — 

Bhuja 

= Un-mandala-S'anku = Kujya X Koti/Karna. 

Comm. The first statement ia based on the similarity 
of the sixth latitudinal triangle and others and second 
that between the seventh and others. 

Sama-s^anku - unmandala sfanku'= upper segment of 
Sama-sranku. 

Verse 27. AgraXBhuja = Kujy5 
Karna 

Taddhrti - Kujya = upper segment of Taddhrti. 
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Comm. The first statement is based on the similarity 
between the third triangle and the others and the second 
statement is evident. 

Second half of verse 27. Other elements could be 
derived from what is already known and from what has 
been obtained. Also by alternando and invertendo we 
oould pass from one element to the other and vice- 
versa. 

Verse 28. Karna = ^Bhuja 8 + Koti a 
Bhuja = */ Karna 3 — Koti 3 
Koti = -VKarna 3 — Bhuja* 

Thus the third could be had from the other two in all 
the triangles. 

Verse. There are sixty-three ways of obtaining H sin <i 
and H sin <f>. On account of hundreds of ways of 
obtaining Agrajya etc., there are an infinite number of 
ways of obtaining H cos tj> etc 

Comm. Under verse 23 Bhaskara says that there are 
98 ways of obtaining Taddhrti. Taking the third latitude 
triangle, H sin § conld be obtained in seven ways, from 
this H sin §, Kujya oould be obtained in seven ways ; 
hence, according to the principle of association namely 
that when one thing oould be done in m ways and another 
in n ways, both the operations oould be together performed 
in mn ways, so Kujya could be obtained in 7 X 7 = 49 
ways; similarly the upper segment of Taddhrti could be 
had in 49 ways ; so that adding the two Taddhrti could be 
obtained in 98 ways. 

Similarly suppose we have to find H sin H cos <j> 
could be found in seven ways and from H cos H sin $ 
oould be found in seven ways. Thus H sin tj> could be 
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found in 7 X 7 ways = 49 ways. From R, H sin 9 could be 
found in seven ways by using similarity with the other 
seven latitudinal triangles exoept the seoond. Also 
obtaining H 00s <p in seven ways and using the formula 
H sin <p = JR* ~ H oos a <p we have seven more ways. 
Thus in all there are 7 X 7 + 7 + 7 = 63 ways. Similarly 
H oos <p could be found in 63 ways. Extending this to 
Agrajya etc. which could be in as many or more, ways 
themselves finding H sin therefrom means again finding 
it in 69 X 69 ways and so on. Since there is no end in 
counting all these ways, it is said that there are infinite 
ways to find it. The word ' infinite * here connotes only a 
very large number of ways not exactly what we mean by 
the word ' infinity '. 

Verse 30. To find what is known as Kona-S'anku. 

As a first approximation take 
Kona-S'anku = ^ - 2A» where A = Agrajya and Kona* 
S'anku means H cos z when the azimuth is equal to 45*. 
Then take Agrajya + the above Kona-S'anku X ^- =J?anku- 

bhuja = b (say) then again Kona-S'anku = ^R a - 26". 

Then again take Agrajya + the above Kona-S'anku X — 

as the new bhuja and proceeding thus by the method of 
successive approximations, we arrive at a constant value 
which gives the Kona-S'anku. 

Comm. Bhaskara gives later the method of obtaining 
H cos z ie. the Sanku pertaining to any zenith-distance. 
So, he need not have given a separate treatment for this 
Kona-S'anku. But in as much as Brahmagupta and other 
previous writers gavo it he has also given the same. He 
gives here the method of finding the Kona-S'anku by the 
method of successive approximations as given by Sfripati. 

32 



We saw before that Agra — S'anku-tala + Sanku- 
bhuja. So, in the first place as a first approximation, 
Agra is taken as S'anku-bhuja. Since, when z = 45° the 
perpendiculars from the celestial body on the planes of 
the prime-vertioal as well as meridian are equal, and since 
the perpendicular on the plane of the prime-vertioal is 
called S'anku-bhuja = b (say) 26 9 = H sin 9 z. This is so 
because H sin 3 z = Sum of the squares of the perpendiculars 
on the planes of the meridian and prime- vertical. But 
H sin* z=R a -H ocs a z. R 3 -26' a =H cos" z. So, taking 
Agra as the bhuja b as a first approximation, *JB? — 25" 
gives us H oos z. From this using formula III under 

latitudinal triangles namely H oos z X — = Stanku-tala, 

12 

obtain the approximate S'anku-tala, from the approximate 
H cos z got above. Now using the formula Agra = 
S'anku-tala + S'anku-bhuja obtain S'anku-bhuja as Agra+ 

S'anku-tala, where the -fve sign is taken when the Sun 
has a southern declination, and the difference sign, when 
the declination is nort h. Takin g this S'anku-bhuja, 
Kona-S'anku is now JR* - 26' 2 . In the first place we 
tbok the Agra itself as the bhuja ; but here we have a 
better approximation for the S'anku-bhuja. From this 
Kona-S'anku again, obtain a still better approximation for 
S'a-nku-bhuja and proceeding thus till a constant value is 
obtained, we have the required Kona-S'anku. This it a 
beautiful example where the method of successive approxi- 
mation was used by the Hindu Astronomers to a good 
advantage. It will be noted here that the S'anku-tala is 
always treated as extending south ie. the Stenku-tala will be 
south of the S'anku since India's latitudes are all north. 
Also it is said that when the Sun has southern declination, 
A -f S = B and when northern A — S = B when A — 
S'anku-Agra or simply Agra (in contradistinction to 
Karnagra reduced to a circle of radius K the ohayakarna) 
S '= S'anku-tala and B « S'anku-bhuja. This convention 
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of signs is to be correlated with the modern. We have 
from the formula derived out of PZS, A = S + B. 
According to modern convention when § is north, it will be 
taken to be positive and when a is to the north of the East 
point it also will be taken to be positive so that, (1) when 
ft is north and a north, A = 8+B ie. B=A— S; this accords 
with the Hindu convention namely ' ^fl^c^fwj 9 (2) when 
£ is south and a south, — A = S — B so that B = A -f S; 
this also accords with the Hindu convention, namely 
(3) But, however, when 8 is north and a 
south ie. when the Sun having northern declination comes 
to the south of the prime- Vertical, A = S — B so that 
B = S — A. This accords with the Hindu convention 
if only we take B = | A— S | when $ is north. 

Bhaskara makes two statements at the end of the 
commentary under this verse namely that when $ is south 
and A > 2431, there will be no Kona-S'anku and that 
when $ is north and s > 17" — 5"' there will be four 
Kona-S'ankus. We have to verify these statements. The 
first statement is evident because H sin (Agra) > H sin 45° 
ie. > 2431', no Kona-S'anku will be formed above the 
horizon because the diurnal path above the horizon will 
be to the south of the points K, K' on the horizon where 
EK = 45° and uK' = 45° where E, «* are the east and 
west points and K and K' respectively lie on the eastern 
and western horizons between E and S and *» and S, S 
being the south point. Regarding the second statement, 
in order that there may be a Kona-S'anku in the north 

Acrajya > H sin 45 ie. E ^~§ > sin 45° ie. sin $ > sin 45° 
° * oos <p 

cob <p. Taking the max. value for $ namely 24°, 

log sin 24° > log sin 45 + log cos y ie. 9.6093 > 9.8495 + 

log oos <P ie. log oos 45 < 9.7598 .\ p > 54° - 64' 

.*. tan 9 > 1.4229 s = 12 tan <p > 17" — 4.6'" 

which iB taken by Bhaskara as 17" — 5"'. For a lesser 

value of S, a still greater value of <p will be required 
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as may be seen by taking g = 20°, tp > 61° — 6'. Thus 
Bhaskara gave the minimum latitude which could enjoy 
four Kona-S'ankus. 



z. 




m$. 4i 




Fig. 42 
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From fig. 41, it is clear that there are two Kona- 
S'ankus at S r and S 3 during the forenoon and similarly 
two at Sj' and S 9 ' in the afternoon where and S 8 ' 
are the symmetrical points of S 1 and S 9 . From fig. 42, it 
is clear that if Agra < H sin 45° when § is south, there 
will be one Kona-S'anku in the forenoon at S x and one in 
the afternoon at the symmetrical S/. 

Verses 31 and 32. H cos z at noon known as 
Dinardha-S'anku. 

By ' northern hemisphere ' it is meant that the Sun 
is in the northern hemisphere ie. his S'ayana longitude 
ie. modern longitude lies between 0° and 180°, and ' the 
southern hemisphere ' means that the Sun's longitude lies 
between 180° and 360°. The direction of g may be got 
from the above convention. The latitude and oolatitude 
are always deemed as south and north respectively. 

The latitude and oolatitude being ' added to subtracted 
from or being decreased by ' as the case may be, the 
declination, we have the zenith-distance and the altitude 
of the celestial body at Noon. The zenith- distanoe and 
the altitude are mutually complements. 

Comm. In Hindu Astronomy the words '* tftK<fi% '* 
" ?%ar*ft% *' are very often used to connote that the Sun is 
on the north or the south of the celestial equator respec- 
tively, so that the declination could be automatically known 
to be north or south respectively. Regarding the latitude, 
the peculiarity in Hindu Astronomy is that what we call 
north latitude in modern astronomy is construed as south 
in as much as the celestial equator gets depressed south 
in northern latitudes. The oolatitude SQ in fig. 41 on the 
other hand extends north from the south, so that, it is 
construed as north. 

The word ' Samskara ' is used in Hindu Astronomy 
in the meaning given above in the translation. Fo 
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example in the equation A = S + B, we say that the 
Bhuja is had by a Samskara between A and S. The 
meaning of S amskara given by Bhaskara is " ^fJT%fH?»T: 
fwf^rfcRTO* cN«rc:" Latitude being regarded as southern, 
if the Sun's declination is 12° north and the latitude 20°, 
then as they are of opposite direction, effecting the 
Samskara as directed 20 - 12 = 8 = zenith-distanoe 
(South) = Nata as it is called similarly 70 + 12 = 82 = 
Altitude — Unnata ; here we have added because, both 
lamba and declination are north. Similarly when $ = 24° 
north, and <p = 20° as before (south) 

v 24 — 20 = 4° = zenith^ distance (north) = Nata 

70 -f 24 = 94 = unnata (north). But, we take 
180 - 94 = 86°, 

In the above working in the first case we found 
9 — whereas in the second we found $ — <p. This 
difference in treatment is not taken objection to, since, 
the word Antara is used to take the positive value of the 
difference alone and so in the first instanoe the nata is 
pronounced as south, whereas in the second it is pro- 
nounced north. 

In modern astronomy, however, we have the formula 
z + $ = ?>, considering z as positive if south, $ and p 
positive if north. Here 8° + 12° = 20° (first case cited 
above) and (- 4°) + 24° - 20° (2nd case, z being negative, 
for, it is north. In the Hindu symbolism we have to 
pronounce separately when z is south or north, whereas in 
modern symbolism the sign alone informs its direction. 
Similarly in the equation A = S + B, we have to pro- 
nounce ' north bhuja * or ' south bhuja ' as the case may be, 
whereas having a convention that $ is + ve when north, 
and also the Hindu azimuth (measured from the East 
point) the sign of bhuja indicates its direction. In other 
words we differentiate the two cases A — S and S — A 
giving them signs and deducing the direction of the bhuja 



from the sign itself without an appeal to a picture or 
without ascertaining whether the northern AgraL prevails 
over the Southern S'anku-tala or the Southern S'anku-tala 
prevails over the northern Agra. Thus the Dinardha 
Sfcnku in symbolism = H cos + d) (20). 

Verse 33. Here at noon, Drg-jya is the H sine of 
nata and the S'anku is H sine of unnata. 

Seoondhalf of 33 and 0rst half of Verse 34. 

The product of R and the unmandala-S'ankn divid ed 
by Charaj ya is called Yasti. ^The Yasti increased by 
Un-manda la- S'anku gives H cos z according as the Sun is 
north or south of the equator. 

Comm. Unmandala-S'anku is H cos z when the Sun 
is on the unmandala. From the sixth latitudinal triangle, 
wherein Unmandala-S'anku is Bhuja and Krantijya 
Karna, so by comparing with the second latitudinal 
triangle (or rather operating with the second triangle to 
signify the Hindu method). 

Krantijya XBbng = Unmandala-S'anku ^ 

Karna 7/ ^ 7 

= H sin S X H sin p (already derived under 

P/nw 

We saw before Gharajya = R tan <p tan Hence as 

directed in the verse R X Hsin ? H sin g = Yaatii 

BXB tan <p tan c r - ' 1 7 £ 
_HoospHcosg / 01 x fif 1 ** 4 



.\ H cos z (at Noon) = H cos y H cos B ± 



B 



H sin © H sin 8 .. 

— - — ^ — according as the Sun is on the north or 



B 

south of the equator. 
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Hence H cob z (at Noon) = Natajyg 

■ HcosjjHcosS + Hsinp Hsing 

~^ _ _ _ or m modern 

Bymbolism ooa (p + g) already derived under (20). 

We shall now show how the formulation is done by 
the simple rule of three (Ref. fig. 39). If a parallel 
through 0$ is drawn to out Aa at a u then is called the 
Yasti, which is vertical. The triangles koa t and Bo^d 

are similar so that ^ .-. Aa = DD x Ao 

Ao Do 4 1 Do 4 

Ao B 

BUt Do^ Gharajya f ° r ' al * the lines of th e diurnal 
circle and the equator stand in the ratio 
Hcosft _ Ao = Do A = Kujya . Ao _ B 
B R Charajya Charajya * " Do 4 ~~ Charajya 

• ^ = Unmandala ffanku X B _ v . 
1 Charajya ~ - 1 

formulated. 



as 



Now Dinardha S'anku = Aa = Aai + a, a = Aa t + Dd 
= Yasti + Unmandala S'anku. It is evident from fig. 21 
why in the northern sphere the sum is to be taken 
whereas in the southern, the difference is to be taken. 

Latter half of verse 34. Definition of Hrti and 
Antya. 

The sum or difference of Dyujya and Kujya will be 
similarly Hrti, whereas the sum or difference of Gharajya 
and radius will be Antya. 

Comm. We defined formerly Hrti and Antya under 
our commentary on the latitudinal triangles. Prom fig. 39 
Hrti « 0l A = o l0 + oA = o 4 D + oA = Kujya + H cos B 
(Dyujya) (22). 
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In the parallel great circle, the Equator we have 
therefore Antya = Charajya + R (already derived). 

Verse 35. Antya = S^U? = HrtO^arajya ^ 
H cos g Kujya 
- tt-h — Antya X H cos $ _ Antya X Kujya , . L . 

■■ Httl I Obar ajya - bywhat18 

oailed Guna-coheda-Viparyay* ie. alternando. 

Comm. Evident. 

Verse 36. To obtain DinSrdha-S'anka from AntyS 
and Hrti 

Antya X un-mandala Sfanku Hrti X 12 * 3t 

— , . -- — — — = = Dinardba- 

Charajya K 

S'anku. 

Comm. The second formula is derived from the 
similarity of a Aom (fig.) with the first latitudinal triangle. 
From the similarity of Aao it Bdo^ fig. 39, 
Ao /Do 4 = — ' Aa = H rti X unmandala-Sfanku 

But Aa = Dinardha-S'anku 

Dinardha S'anku = Hft * X P ' S ' (U. S. = Un- 

Kujya 

mandala-S'anku.) 

But = - Ant ** 

Kujya Charajya 

D.S. (Dinardha-S'anku) = 01 » arft jy a X U.S. 

Antya 

= HjtiX12 ym 

H 

Verse 37. Meridian Zenith distanoe. 

* _ + Hrti X bhuja of a lafs. triangle t-, . 

Agr5 — — — . = H sin z 

~ Karna of a lat. triangle 

where z is the meridian zenith distance. 
33 
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Comm. This formula is a special case of the formula 
A = S + B since the H sine of the meridian zenith 
distance is the S'anku-Bhuja at noon. From fig. 39 
Hrti X bhuja of a latitudinal triangle __ q ^ __ J3j n ardha 

Karna of a latitudinal triangle 
S'ankutala. 

The operation of sign has been already explained. 

Verse 38. An alternative method. 

The meridian zenith distance of the San can be had 

"D t m 

also by the formula (Hrti + Taddhrti) ' * ' where 

B.L.T. and K.L.T. are the bhuja and karna of any 
latitudinal triangle. 

Comm. (Ref. figures 43 and 21). Let E t be the 
centre of the armillary sphere so that QEiR is the 
diameter of the celestial equator which is on the median 
plane. Let Si Fi 8 be the diameter of the diurnal circle 
of the Sun, which is also on the meridian plane eo that 
Si Fi is the Taddhrti, Si S is the Hrti and S the position 
of the Sun on the meridian. 

H sin z = 8M = SF, sin F, = SFj sin & = 
(Hrti — Taddhrti) X g where s/K can bo replaced by 
B L T 

' ' ' (s=equinoctical shadow and Jc the Visuvat-Karna). 
JbLL.l. 

In the Southern sphere, H sin z = S'N = S'F/ sin 
= (S'S a + S a F/) sin d> = (Hrti + Taddhrti) X 1. 

K 

Verse 39. Still another way of obtaining the m, z.d, 
(meridian-zenith-distance). 

R — H versin (altitude) = H sin % 
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Fig. 43 



This formula givea not only the meridian zenith 
distance bnt H sine of the zenith-distances of the Sun 
when he is on the Kona-Vrtta or prime- vertical or 
unmandala. 

Comm. From fig. 43, H sin z = SM = LE, = Eis— 
*L = R — H versine (Ss) = R — H versine (altitude) as 
given. Since R — H versine (altitude) = R — {R — 
H cos (90 — z)} - R — (R — R sin z) = H sin z, so this 
formula applies wherever the Sun be. This is almost 
Egging the question as H sine of z is being sought 
through H versine of (90 — z). 



First half of the verse 40. To obtain the shadow S 
and K the Chayakarna of any shadow 

H»°»x ia_ SMd Bxi?_ g 

H. cos z H cos z 

Comm, (Ref. fig. 44), 

12. H sin z n iq tr 

Hcosz -"""" = B. AlBO^ = 0O8E = HWB« 

so that * Q R ^ K, 
H cos z 

The Hindu method of looking at this through the 
similarity of aS OMo and Ogn the gnomonic triangle, 
is as fellows. M is called Maha-Sanku ie. Hcosz; ©L 
is Drkjya or 

Hsinz = OM.-ii^ = -S_ 80 th ^ S = 
H cos*z Hsinz 

12 H sin z/H cos z. Also, 

°» = ia ie 5 = 12 . R = ia R 
H cos z R H cos z Hcosz" 
It will be noted that fig. 44 pertains to any vertical plane. 

Second half of Verse 40. The Dinardha-Karna is 
equal to where Jc is the Visuvat-Karna. 

Comm. The formula is derived through twice apply- 
ing the rule of three or what is the same, through the 
similarities of two sets of triangles 

From fig. 39, = S^i = * 

Aa Dinardha-S'anku 12 { } 

and from fig. 44-2^ = 12 = ? , M 

Oo Dinardha-S'anku R { } 
where K is the required Chayakarna. 

Dividing (a) by (b) 
Hrti _ x R . R kE 
I 2 12 K " Hyti 
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n 





Fig. 44 

Verse 41. Alternate method of obtaining K 
101530/H sin X - para (say) where X is the Sayana 

longitude of the Sun ; then, Para x * = K where K is 

s " 

un-mandala-Karna 

First half of Verse 42. To obtain K when the San is 
on the prime- vertical- Para X s/k = Samavrttakarna. 

Comm. From fig. 19, from the similarity of triangles 
BD and CMA, 

H sin £ = 



CA AM 
Hsin X H sin v 

~ R ~ 



CA 



le. 



(a) 



Then oonsider the similarity of the first and the sixth 

latitudinal triangles; then UDm *" d ala S?ankn = L ( 

Krantijya k ' 

where s is the equinootial shadow and k the Visnvat- 
Karna. Again taking that the Sun lies on the unman- 
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in figure 44 H 008 z = ? = Unmandala^anku , . 

'12 K 12 {0) 

Eliminating Krantijya and Uamandala S'anku from 
Unmandala S'anku s 



(a), (b) and (c) 



H sin X H nis w/R h 



12R / H sin X H sin a> s J2R 2 



K / R A KH sin X H sin « A 

. K = 12R 2 X h Her0 12R 2 = 12X3438 3 

5 H sin X H sin «' H sin a> 1397 

= 101531 ; but Bhaskara has taken 101530 taking a 

more correct value of R. Then ^ lg ^ Q is symbolized as 

H sin X 

k 

para so that para X - = K=Unmandala Karna. Regard- 
ing the Samavrttakarna, in the place of (b) above we have 
Sama-S'anku h n , . , . . 
" Krantijya = 7 similarity between tbe 

first and the fifth latitudinal triangles. Equation (c) 
holds good with respect to any H cos z and the corres- 
ponding K since 12 R = K x S'anku and 12 R is a cons- 
tant. Noting therefore |, = SarQ *^»nku (o , } 

eliminating Krantijya and Sama-S'ankn among (a), (b') 
(o')» we shall have 

-rr 12 R 2 S S 

K = , TT • — . TT = para X — as stated. 

k H sin ^ H sin w & 

Second half of Verse 42. To obtain the Dinardha- 
karna from the Unman dalakarna. 

Un-mandalakarna X Charajy a 

Antyi ~ Dinardhakarna. 

Comm. We have equation (o) above stating 
12 R = K X S'anku. (o) But 



ass 

Isfeaganku = cos ? = constant = Din5rdha sr " kil 
IstaHriti Hrti 

_ Sama-S'anku Unmandala ffanku /,v ,~o\ 

Taddhrti Kujya 
Again by virtue of the proportionality of 

Ista Hrti _ Hrti _ Kujya ^ ^ 
Istantya Antya Charajya 

_ . Ishta-S'anku Dinardha S'anku 

We have ~_ , _ = , . _ 

Ishtantya Antya 

_ Unmandala ffanku 
Charajya 

.*. Ista Karna X Istantya = Dinardha Karna X Antya 
== Unmandala Karna X Charajya (f) (25) 

.-. Dinardha Karna = Unmandala Karna X Charajya 

Antya 

as stated in the verse. 

Verse 43 Unmandala Karna X Ksitijya 

Hrti 

Sanaa Vrtfca Kama X Taddhrti _ tv«- ;iu„ n 

= = t~t I - ' Dinardha Karna. 

Hrti 

Comm. From (c) and (d) above Dinardha Karna X 
Hrti — Sama Karna X Taddhrti = Unmandala Karna X 
Kujya (g). Khitijya is the same as Kujya. 

From this the statement follows : 

Verse 44. The ancient Acharyas found the gnomonic 
shadows when the Sun is on the meridian, prime-vertioal 
and the Kona-Vrtta (ie, Vertioal when the northern or 
southern Hindu azimuths are 45°) by different methods* 
I consider him to be the very Sun illuminating the lotus- 
faces of aitronomers, if anybody could give a method to 
find the shadow in any required direction, which holds 
good in all cases universally. 
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Comm. Evident. 

Verse 45. Definition of Dikjya H sin (azimuth). The 
angle between any vertical and the Prime- Vertical 
measured on the horizon is what is called Digamsa and its 
H sine is known as Dik-jya either in the Eastern hemi- 
sphere or the Western, 

Comm. In modern astronomy azimuth is measured 
along the horizon from the north point towards the east 
point round the horizon. In Hindu Astronomy however, 
the azimuth is measured from the East point on either 
side and from the West point also on either side specifying 
whether it is north or south. 

Verse 46 and first half of 47. To obtain the 
gnomonio shadow in any arbitrary direction. 

Assume — — : as the equinoctial shadow and 

H sin a 

obtain the H sine of the corresponding latitude L.' Then 
the produot of that H sin h and H sin $ divided by 
H sin <p will give H sin D where D is a hypothetical decli- 
nation. With the new L and this D, as the hypothetical 
latitude and declination, obtain the meridian zenith 
distance by the formula Z + D = d>, and through this 
m.x d. obtain the shadow, which will be the shadow in the 

required direction namely 12 tan * D). 

Comm. Let gL be the gnomonio shadow on the 
equinoctial day in a given direction given by a° 
Digamsa (the Hindu azimuth) and let gN be the shadow in 
the same direction on any day. (fig. 45) We know that the 
extremity of the gnomonic shadow on the equinootial day 
traces a straight line parallel to the East-West line Eo> 
at a distance of the equinoctial shadow s because the 
Equatorial plane passing through the foot of the gnomon 
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f ? m 9 & 



Fig. 45 



and that passing through the top of the gnomon being 
parallel planes cut the horizontal plane in parallel straight 
lines. (This will be also proved analytically subsequently). 

Hence LM = a. Now from the 'figure 

LM __ AB _ H sin a . L = H sin a ^ 
gh gk R '* 

This gh is spoken of as Ista-Drikmandala palabha 
because it is the shadow on the equinoctial day in 
any vertical. LN is the increment in the shadow on 
account of declination and we have to compute this and 
correlate gh and LN. For this refer to figs. 46 and 47. 
In fig. 46, QRT is the equator, so that when the Sun is on 
the equator on the equinoctial day in the direction given 
by ZS ZT is the zenith-distance. Let ZS be the zenith- 
distance of the Sun in the same direction on any day 
From the analogy of finding H sin g from H sin A, from 
this figure 

34 



H sin SR H sin ST 



R 

H sin ST: 



H sin SR 



Hsinf H sin ZT ' H sin f 

Noting that SR = g and patting ST = D 

H sin D = ** sin S X H sin ZT. 
a. sin 



XHsin ZT. 





Fig. 46 



Fig. 47 



The same formulae are derivable from fig. 47 also; only 
in fig. 46 while there is a decrement in the shadow of the 
day as compared with the shadow on the equinoctial day, 
in fig. 47, there is an increment, This is seen from the 
decrease and increase of ST in the zenith-distance ZT of 
the equinoctial day in the given direction. Now corre- 
lating fig. 45 with figures 46 and 47, the shadow gh 
pertains to the zenith-distance ZT on the equinoctial day 
whereas the shadows gN pertains to the zenith-distance on 
the day concerned in the same direction. We have, 



S 



H sin z 



so that 



RS 



— H sin z where 



Vl2 a + S a R + S a 

S is the shadow at any instant when the zenith-distance 
is z. The process indioated by saying ' Obtain H sin f 
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construing — — — as the equinoctial shadow means 
H sin a 

computing H sin ZT and there from ZT from the shadow 
gjj of fig. 45. Then the process indicated by saying 

"Obtain H sin D = H 8in Z J . X g ain 8 and therefrom 

H sin y 

D" means computing ST. 

Then clearly ZS = ZT ± ST, ie. the required zenith- 
distance is got by what is technically called Samskara 
between ZT and ST as is stipulated between 9 and g to 
obtain Z from the formula Z 4- g = 9 (The word 
Samskara was defined as meaning addition when the 
directions are the same and difference when they are 
opposite). Then the gnomonic shadow is got from this 

, , , a 12 H sin z 
zenith-distance using the formula b = ^ ^ • . 

Thus the procedure adopted by Bhaskara was con- 
ceived by him first having Fig. 45 before him and then 
using figures 46 and 47. In this particular process, 
H sin a is given and H sin g also, which means that it 
is sought to find the shadow on a given day in a given 
direction. 

.Incidentally we shall find the locus of the extremity 
of the gnomonic shadow during the course of a day. Let 
in fig. 48 g represent the gnomon's foot, and S the shadow 
whose extremity is Required to find the locus of <p. 
Take the gnomon to be of unit length so that the length of 
the shadow S = 12 tan z^ becomes tan z here. Take 
and sn the east west line and the north-south as the 
axes. Then we have 

a; 2 4- y* = tan 2 z{l). But we have from the triangle 
PZS Bin g = sin 9 G ° s z + cos f sin z sin a 

ie — = tan 9 + tan z sin a = tan 9 + y (2) 

cos Y o° s z 

tan? whenA=^|. 
A sin o 
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Fig. 48 



But sec z = VI + tan 2 z = Jx* + # 2 + 1 
?/ 2 -f 1 

• ' £ = V + tan 9 which reduces to 

s a + V* (1 - A 2 } - 2A S tan 9 1 - A 2 ban 2 <f> = o (3) 
From this it is evident that the locus is an ellipse or 
parabola or hyperbola according as A | 1 ; also it will 

be seen that the eccentricity is A. The locus is wrongly 
stated to be always a hyperbola in some test' books. For 
it to be an ellipse A < 1 i e . cos <j> < sin & ie. g > 90 - <j> 
ie. 9 + $ > 90. In such latitudes and under such decli- 
nations, it will be an ellipse ie. at a place just north of 
the place where the perpetual day just begins the locus will 
be an ellipse. Hence in the arctic region it will be always 
an ellipse ; and in the place just at which the perpetual 
day begins it will be a parabola and in the lower latitudes 
it will be a hyperbola, ie. it will be a parabola where the 
latitude f is given by 90 — 

When 9 = 90°, A = SOL? = provided § * o. If 
sin c ' 

however, in addition $ = o, A becomes indeterminate, but 

we may note then, that the Sun will be circling round the 

horizon on that equinoctial day at the north pole. We 



may further note that at the north pole, the altitude of 
the Sun is always 8 so that the length of the shadow cast is 
always equal to cot $ and this will be infinite when $ = o. 

If now 9 = 90°, and 8 * o, though A = be 

sin g 

comes zero, A tan 9 will not be zero because A tan 9 = 

^1 X tan ? = B 4^| = (.'. P = 90°). On the 

sin g sin 8 sin 8 

other hand A 2 tan <p = A X A tan <p — — ^ _ = because 

sin g 

A = o. Thus the term containing y in eqn. (3) vanishes. 

The equation reduces to 
x % + y* = A 2 tan 3 9 - 1 = cosec a g - 1 = cot 3 g (ie. +ve) 
ie. at the north pole the locus will be a oircle with radius 
cot When 

A = oo the locus ^ + f + 1 = y + tan 9 becomes 

A 

y — — tan 9 which means that the hyperbola degenerates 
into the straight line which is parallel to the east-west 
line and is in the north at a distance of tan 9 s, the 
equinoctial shadow since the length of the gnomon 
is taken to be unity. In particular when A tan 9 = 1 ie. 
<p — ^, the constant in (3) is zero, so that the locus 
passes through the foot of the gnomon as is also evident 
from the fact that the Sun passes through the zenith. 

Taking a northern latitude say 17°, the loci of the 
extremity of the shadow are shown in fig. 48A (page 270) 
on important days when S=g>» when d = o, when 8 = — «>, 
when g= ?». The maximum mid-day shadow is 
tan {<p + w), when $ = — a> taking the gnomon's length 
to be unity; this shadow is cast north of the gnomon along 
the south-north line through the gnomon, on Dec. 23rd of 
the year. The minimum length of the mid-day shadow 
occurs when 8 = 9 t the shadow being zero and being at the 
foot of the gnomon, the Sun being then just overhead. The 
maximum shadow cast south of the gnomon at mid-day 
is tan (a> — J?). 
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Fig. 48A Showing the locus of the extremity of the shadow on different 
days at a latitude of 17° 

Note. OA, OB are the shadows computed by Bhaskara when the Sun is on 
the prime-vertical. 

In the method of finding the shadow under verse 46, 
we perceive Bhaskara's genius in (1) looking upon the 
shadow as being made up- of two segments namely that due 
to <p and that due to the declination (2) in conceiving 
what he calls Ista-drik-mandaia palabha, and Ista-drik- 
mandala Krgnti and (3) in deriving the equation 

ry . H sin ZT X H sin $ 

HainD = ^ — . 

H sin <p 

Latter half of verse 47 and verse 48, Something 
to be noted. 

In computing the shadow in a given direotion, there 
may be two shadows at times in the northern hemi- 
sphere. When H sin a < Agra and there will be none in 
the southern. To compute the second shadow we have to 
take 180 — L also as the latitude where L is the latitude 
computed, and proceed in the same way as we have done 
before. 
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Fig. 49 

Comm. This too exhibits Bhaskara's genius. (Ref. 
fig. 49). Let MQR 3 be the equator whose pole is p. Let 
T a Si Z S a T a be the circle of azimuth a (Hindu azimuth). 
Let S a be the diurnal circle of the Sun cutting the 
above circle of azimuth at Sj and S 3 , so that Z8 t and ZS a 
are the two solutions giving the two zenith-distances 
which give two shadows in the given direction. H sin MS 

= Agra ; evidently MZS > MZS X ie. H sin a < Agra as 
stipulated. ZT 1 and ZT 3 give the zenith-distances in tho 
given direction when the Sun is on the equator. Sj T 1 

zenith-distances on 

If MZSj were 



and S a T„ are the decrements in the 



account of declination g (= S 3 R a or Sj, RJ. 

greater than MZS ie. if H sin a > Agra, we would have 
lost the position S 3 ie. we would have had only one shadow 
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in the afternoon in the given direction and no shadow in 
the morning. 

Analytically, the event of having two shadows arises 
on account of the following circumstance. When we are 

aeked to find Istaksajya from g5|L- the shadow in the 

given direction on the equinootial day (Ref. git fig. 45) 
the L for this given value of the shadow is given by 

H sin L = where S = . We know 

11 sm u ^i2 a + S a H sin a 

sin 9 - a has two solutions, 9i and 180 - Q v Hence L 
will have two values L, and 180 - L x . So, Bhaskara has 
asked us to compute D x and D a from L a and L a and thus 
have the two solutions. 




-^R 3 

Fig. 50 
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Note (1) When Bhaskara said 'II H sin a. < Agra* 
he had in mind evidently the azimuth cirole MZN which 
cuts the diurnal path A Qj Bj at S, and S a . At S, the 
azimuth EZM < EZA so that he stipulated that H sin a 
should be less than the Agra. But, let the diurnal path of 
the Sun be Q 9 B t where Q 9 falls in between z and p. In 
such a case we know that the azimuth does not take all 
values but has a maximum where the vertical touches the 
diurnal path at T. From PTZ where T is a right angle, 
taking PZT = 90 — a, a being the Hindu azimuth we have 
by Napier's rule sin PT = sin ZP sin (90 — a) or 
sin (90— = sin (90— P) sin 90— a or cos g = oos 9 cos a. 
If a has a lesser value than is given by this equation, 
the diurnal path does not cut the azimuth circle 

ie. if cos a > 008 ^ , there will be no shadow in the given 
cos p ° 

direction even though the situation satisfies Bhaskara's 
condition namely H sin a should be less than Agra. 
Bhaskara has overlooked this case. This may be seen 
analytically also as follows. We have from the spherical 
triangle PZS, sin $ = sin 9 cos z -f- cos 9 sin z sin a 
= A cos z + B sin z (say). We know, the maximum 
v alue of A cos z + B s in z is J A 2 + B 9 which is here 
Js m 3 9 + cos a 9 sin 2 a = ^sin 3 V + cos 3 9 - cos 3 9 cos 3 a 
= *yi — cob 2 9 cos 2 a. Thus there will be no solution for 
z if the quantity on the left hand side namely 

sin $ > the above max. value ie. if 
sin $ > n/1 — cos 8 <p cos 2 a ie. if sin 3 $>1— cosV oosV 
ie. if cos 3 $ > cos 2 f cos B a ie. if cos § > cos p cos a 
ie. if cos a > cos ft/cos 9? as derived above. 

Hence even if H sin a > Agra, there need not be a 
shadow at all in the given direction. In other words when 
the Hindu azimuth given is very small and when the decli- 
nation is too great north or south, there may not be a 

35 
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shadow in the given direction. Bhaskara gives an example 
where he gets two shadows on a day taking the moments 
when the Sun is on the prime-vertical. In fact having 
this case of the East-West shadows alone, he conceived 
that two shadows could be had in a given direction under 
particular conditions. 

He chooses a place of s = 5" ie. a place of latitude 
22° — 37' (Bhaskara often gives this latitude which night 
indicate that he was probably residing in that latitude 
which passes through approximately Itarsi). He takes a 
day when the Sun's declination is given by H sin $ = 780 
ie. 8 = 13° - V. Then the Sama-S'anku is given by 

B siD $ (comparing the second and the fifth latitudinal 
sin <p 

triangles 

Sama-S'anku _ Krantijya = Hjunj} 
R H sin ?? H sin <p 

H sin (p sin p / 

= 8488 X 780 = 2028 approximately. I 
1322-18 vv 

Also Agra = ^ 8 * D ^ = 845. 

COS <p 

Knowing the Sama-S'anku, the East-West shadow may 
be taken to be determined. Now Bhaskara proceeds to show 
that at the time of having the seoond shadow also, in the 
same East-West direction, the S'anku will be the same 
Sama-S'anku itself. For this, proceeding according to the 

R$ 

method indicated in the verse, " Taking =— : to be the 

±1 sin o> 

equinoctial shadow etc " we have 

E * = 3438 X 5 = what is called Kha-hara Ratfi. 
Ham a o 
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Taking this to be the equinoctial shadow 

H sin L = ^ = R itself (Dealing this way 

with Kha-hara Ra^is is prohibited in modern mathematics 
but Bhaskara adds at the end of the commentary that 
dealing with them cautiously does not effect computations 
which is of course true, for when the equinoctial shadow is 
infinity v = 90° so that H sin p = R as got). Hence 
L = 90° and 180° - 90° = 90° = L'. Then H sin D = 
R X 780 

1322 - 18 ~ Same as Sama *S'anku obtained in I = Hcos z 

so that D = 90 — z. Now from the equation z + g = 9 
a = 9 ~ £ = L' - D = 90° - (90 - z) where z is the 
zenith-distance when the Sun is on the prime-vertical. 

.*. The zenith-distance is again the same z. In other 
words, the second zenith-distance is also that when the 
Sun is on the prime-vertical. Bhaskara has given this 
example just to obtain the second shadow as well and he 
has ohosen the event of the Sun being on the prime- 
vertical to show that the procedure indicated by him may 
be verified to hold good. 

Verses 49, 50. Alternate method to find the shadow. 

Let RV + Hsin 9 a X 12 B = prathama where s = 
equinoctial shadow and a the Hindu azimuth. Let Anya 
= RsA where A is the Agra. Divide the prathama and 
Anya by (H sin 3 a - A a ) and still call them prathama and 
Anya. Then 

K = JAdya + Anya 9 + Anya where K is the Chaya- 
Karna. 

Comm. Let K be the required Chaya-Karna. 

Then Karnagra = = s + b where b is the bhuja. 
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• &== M_ S . But Ha j na = j where S is the 
R 6 S 

shadow bo that 

S = **_ - .)_S- = JV=W 

Hsina \ R / Hsina 

/. R (KA - sR) = RH sin a n/K 3 - 12 a 

ie. R 2 (K 2 A 3 + s 3 R 3 - 2 AsRK = H sin 3 a (K 3 - 12 3 ) 

/. K a (A 3 - H sin 3 a) - 2 AsRK = - s a R a - 12 3 H sin" a 

/. K 3 (Hsin 2 a- A 3 ) + 2 AsRK = 12 3 H sin 2 a -f- s 9 R 3 I 

This quadratic is of the form ax* + 26a; = c 

ie x % + 2^i» = da II Here — is oalled Adya and ~ Anya. 
a a a 

The solution of the above equation is given by x = + 

Qi 

a 

ie. — Anya ± s/Anya 3 + Adya. Ill 

When b = — + s, putting — $ in the place of s in I, 
R 

K = Anya + */Anya a + Adya IV 

Out of the four solutions given by III and IV we have 
taking the positive solut ions 

K = is/Anya 3 + Adya ± Anya as stated. 

Verse 51. If H sin a < A, then in the northern 
hemisphere ie. where B is north, 
+ J Anya 3 — Adya + Anya = K. 

Comm. We have initially put Anya = H sin 2 a — A 8 . 
If H sin a < A, them to avoid a negative value for the 
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Anya, we could pub Anya = A 3 — H sin 2 a. As a matter 
of fact in verse 60, we are asked to take H sin 2 ~ A a , 
as Bhaskara wanted that the second ease also be included. 

Thus putting Anya=A 2 — H sin 3 a, equation I becomes 
K fl (A 9 - H sin 3 a) - 2 AsRK = - (Adya) so that 
K. = Anya + V Anya 3 — Adya as given. 

Verge 52. The Bhuja is to be obtained through 
Karnagra from the equation a = b + s (already proved) 

and 5^ = H sin a {ie. S = rT ^ as already proved}, 
b H sin a 

This H sin a will be the same in the case of obtaining 
two values of K ie. two shadows one in the morning and 
the other in the afternoon, (the only difference being that 
they will be on alternate sides of the East- West line). 

Verses 53 and 54. Obtaining the shadow when time 
is given. 

In the two previous examples the magnitude of the 
shadow was obtained in a given direction ; now we shall 
obtain the same when time is given. The word unnata 
stands for the time that has elapsed after Sun-rise or that 
which is the balance of the day time. The unnata sub- 
tracted from half-the-day gives what is called Nata. 

The H sine of the unnata minus Chara or increased 
by the Chara according aa the Sun's declination is north 
or south, is called Sutra ; this multiplied by the H cos $ 
and divided by the radius, is called Kala. 

Comm. (Ref fig. 61) The time measured by the arc 
MN, that is the time in between the moment when the Sun 
S is on the horizon and the moment when he is at L is 
called the unnata ie. the time measured after rising and 
the time measured by the arc NQ ie. the time in between 
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Fig. 51 

the moments when the Sun is at L and when he reaches 
the meridian, is called Nata. In modern astronomy this 
Nata is known as the hour angle h and unnata = H - h 
where H is therising hour angle. The time measured by 
the arc ME is called Chara. Thus unnata-chara = EN 
and H sin EN H sin (90 - h) = H cos h is called Sutra 
which is BN shown in fig. 62 representing the Equator. 
The corresponding line fen in fig. 53 which represents the 
diurnal circle, is known as Kala. Thus Sutra=H cos h (26) 

rv 

When the Sun is in the Southern hemisphere, unnata 
ia measured by the arc SL or MN ie. (H - h) where H ia 
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the rising hour angle and k = LPQ and Chara by the are 
EM and Sotra = H sin (MN + EM) = H sin funnata 4- 
chara) = H sin, EN = H sin (90 - h) = H cos h. 

Verse 68. Sutra multiplied by Kujya and divided by 
Charajya" Will be also Kafa and Kala multiplied by the Koti 
and divided by the Karna of any latitudinal triangle will 
be lata yasti. 

Comm. In as much as Kala is the corresponding line 
in the diurnal circle to the Sutra in the plane of the 
celestial equator 

Sutra _ R __ Oharajya . Sabra X Kujya 
Kala H cos $ Kujya Charajya 
In versa. 33, we saw that 

Dinalrdha S'anku — Unmandala S'anku = Yasti. 
This Ista-ya§ti will be therefore the perpendicular dropped 
from n, the Sun's position in the diurnal circle on the 
plane parallel to the horizon and passing through the- 
head of the Unmandala S'anku ie. passing through B and 
parallel to the horizon in fig. 21. Since the angle between 
the diurnal plane and the vertical plane of the yasti is 
equal to f the latitude, the Istayasti forms a latitudinal 
triangle wit h the K ala, it being the Koti or side opposite 
to the angle 90 - <p and the Kala being the hypofien use, 

.-. Ya ? fci — oos (p = Koti of a latitndin aljriangle 
Kala ' Karna of a latitu^inaT^dangle 

Istayasti = Kala X Koti o f a latitu di nal triangle 

Karna 

When the Sun is on the meridian, Istayasti becomes yasti 
of verse 33. 

The formula for Istayasti is therefore 

Kala X H cos p H cos g H c os h H oos <p 

R R X ~Ti 

from formula (27) 

_ H cos y H cos g H cos h n „, 
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First half of verse 56. The Unmandala S'anku 
multiplied by the SBtra and divided by Charajya is also 
Istayasti. 

Comm. The Unmandala S'anku and Istayasti are 
the lines in vertical planes corresponding to Charajya and 
Sutra in the Equatorial plane. Hence the proportion. It 
will be noted that the Unmandala S'anku and Istayasti 
are not in the same vertical plane but parallel vertical 
planes. None the less the proportionality holds good. 

Latter half of verse 56 and first half of verse 57. 

The Sutra increased or decreased by the Charajya 
according as the Sun is in the northern or southern hemi- 
sphere is what is known as Istantya ; similarly the Kala 
increased or decreased by Kujya is what is known as Ista- 
Hrti. 

Comm. In fig. 52, Istantya = AN = AB + BN = 
ME + BN = Charajya + Sutra. Similarly in fig. 53, 
Ista Hrti = an = ab + bn = sg + bn = Kujya + Kala. 

.*. Istantya = H cos h + R tan § tan <p = 
R (sin y Bin B + oospores cob h) ^ modem terms (2g) 

COS p COS £) 

Latter half of verse 57. Similarly Istayashti 
increased or decreased by the Unmandala S'anku is Ista 
S'anku or H cos z. 

Comm. Let in fig. 64 which represents the plane of 
the prime-vertioal AA', EW, BB', FF', qq' represent the 
lines of intersection of this plane with planes parallel to 
the horizon and passing through A, B, F, qof fig. 21. Then 
Oa — Unmanda-S'anku, 0& = Sama S'anku, Or = 
Dinardha S'anku. If xx 1 be the line of intersection of this 
plane of the prime-vertical with a plane passing through 
an arbitrary position of the Sun in the diurnal circle ancl 

m 
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Fig. 54 

parallel to the horizon, then Ox = Ista S'anku = Oa + 
ax = Un-mandala S'anka + Ista yasti. ar = yasti. 

In the Southern hemisphere Oa, the Unmandala 
S'anka will be below the horizon so that Istayasti 
decreased by the Unmandala S'anku will be Ista-S'anku. 

Thus we have the method of obtaining the Ishta- 
Stenku from the Unnata Ksla as detailed above. We shall 
see what this process means in modern terms. 

Unnatakala-Charakala = 0PA - APE (Fig. 21) = 

0PE where is the foot of the declination oirole of the 
Sun e in any arbitrary position in his diurnal path. But 

0_PE = QPE - QP0 = 9Q-h where h is the hour angle 
pf" the Sun, Thus Sutra H sin H cos h t 



R 



Ista-yasti = H coa h X H cos § H cos p 
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Now Unmandala-S'anku is derivable from the sixth 
latitudinal triangle in which Krantijya is the Karna and 
Unmandala-S'anku is the Bhuja. Comparing it with the 

second latitudinal triangle Kr5nti * y5 = JLA w here 

R H sin p 

U. S. is Unmandala-S'anku. 

* U S = Kr5nti 3y5 X H sin p = H sin p H sin $ TV 

R R 
.". Iata-S'anku as per the above formulation is given by 
Ista-S'anku (I. S.) = 

H sin ^ H sin g , H cos p H cos g H cos h _ CT xf 



R 




S 



T 



(Ref. fig. 55) 



Fig. 55 Formulae for APZS 



Z «= zenith ; P = celestial pole. 8 = celestial body, say, 
the Sun. 



z — zenith- distance of the celestial body S. 
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PZ = colatitude ; PS = north-polar-distance or oo-decli- 
nation. 

n is called the parallactic angle; Ti = hour-angle of S. 

(90 — a) = The complement of the Hindu 
azimuth a being measured from the East point. 

cob (90 -ft) = cos (90— p) cos z+sin (90-p) sin z cos (90-a) 

sin $ = sin p + cos z + cos p sin z sin a (1) 

cos z = cos (90 - p) cos (90 - ft) 4- sin (90 - p) X 
sin (90 - ft) cos A 

— sin p sin $ + cos p cos $ cos h (2) 

cos (90 — 9) cos (90— a) = sin (90 — p) cot z — sin (90 — a) cot A 

ie. sin p sin a = cos 5? oot z — cos a cot h (3) 

cos (90 — p) cos h = sin (90 — p) cot (90 — ft) — sin % X 
cot (90 — a) 

ie. sin p cos h = cos j> tan ft — sin & tan a (4) 

sin z sin (90 — ft) . . , ^ , % 

SO ~ 8 in (90-a ) ie - 8ln z 008 a = Sln * ot » 8 («) 

This means in modern terms 

cos z = sin p sin ft + cos p cos ft cos h V which we 
derive from the triangle PZS. 

Verse 58. To get H 00s z from h the hour-angle or 
nata Kala. 

The H. vers (Nata) is called Sfora(CQ of fig. 52) (29) 

Antya — S'ara = Istantya ie. FQ — CQ = FC = AN 
(fig. 51) 

S'ara X l^sft = S^gfe- = pWa (CQ) (fig . 53) 

(30) 
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Hrti — phala = Ista-Hrti ie. fq — cq = fc — an 
(fig. 53) 

Comm. (Ref. fig. 52). Nata = arc QN 
.*. H, vers (Nata) = QO. (Called S'ara) = H. vers (fc) 
Antya — S'ara = FQ - CQ = FC ^ AN = Istantya II 

o/ v , H oos g , , iti no\ Hvers h X H cos £ 
Sara X — = — - = phala = oq( fig- 5a) = — ~- 

Hrti — phala = fq - cq = fc = an = Ista-hrti IV 

T7 CA Phala X Koti of a latitudinal triangle 

Verse 59. — — ° 

Karna 

— Urdhwa V 
= /fr (of fig. 54) 

Comm. (Rei. fig. 54) y@r is the corresponding line in 
the plane of the meridian corresponding to phala in the 
plane of the diurnal circle. As the angle between these 
two planes is the latitude itself, by the principle of ortho- 
gonal projection namely. 

Magnitude of a projected segment = cosine of the 
dihedral angle X the magnitude of the segment projeoted, 
since Urdhwa is the orthogonally projected segment of 
phala, so, Urdhwa = phala X oos y 

= ph&la X H cos <p ^32j 
R 

= phala X Koti of a latitudinal triangle ag B j a | e a 

Karna of the latitude triangle 
Thus Urdhwa = fir (of fig. 54). 

Verse 60. Urdhwa is also given by 
Urdhwa U-S. (Unmandala ffanku) X S'ara 
— Charajya 

Dinardha-S'auku (D.S.)— Urdhwa =Ista-S'anku (LS.)« 
H cos z. 



2fc6 

Comm. Since U.S. is the projected segment of 

Charajya on a vertical plane and since the diabedral angle 

between the planes is <p the latitude 

U.S, -, CT v/ S'ara X H oos w 

— — — — = Cos <p and so Sara X cos <p = \ — 

Cbarajya Is 

= Urdhwa. 

From fig. 54, Dinardha-S'anku — Urdhwa = o'q — fir 
(fig. 54) = o'fi' = yX = Ista-S'anku. 

In modem times, this means, 
S'ara =H. vers {h) = (E — cos h) = 1— oos h in modern terms 

„u„i„ S'ara X H cos $ ^ 

phala = — ^ = (1-cos h) X cos ft „ „ 

H cos - 

phala X ^— - = Urdhwa =(1 -cos h) oos ftx cos tp „ „ 

Dinardha S'anku — Urdhwa Isfca S'anku H cos z 

= cos z (in modern terms) 

=H cos (9? — ft) (taking northern declination and following 
Hindu convention with respect to signs) 

= Dinardha S'anku 



= cos 93 — $ in modern terms. 

.'. cos (9? — ft) — (1 — cos h) COS <p cos ft = cos z 

ie. cos <p cos ft + sin 9? sin ft — cos 9? cos ft + cos 9? 
cos ft cos In = cos z 

ie. cos z = sin 9? sin ft + cos 93 cos ft cos h as before. 

Verse 61. Computation of H cos z (Mah5 S'anku) 
through Antya and Hrti. 

Let the Dinardha S'anku (D.8.) be computed through 
Istantya and lata Hrti and therefrom Ista S'anku. From 

the S'anku, Drik-jya ie. H sin z and the shadow s * a z 

R 

could be computed —H sin z should not be computed from 
Hrti. 
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Comm. We computed Dinardha S'anku by the formula. 

D S = Antva X U.S. ^ Hrti X Koti of a L.T. 
Charajya Karna of L.T. 

under verse 36 ; similarly 

Ista S'anku (I.S.) will be given by 

T . „ , IstantyaXU.S. Ista Hrti X Koti of a L.T. 

Ista S'anku = — . -_ = • ~ . . , T m 

Charajya Karna of the L.T. 

But Istantya = R ( sin P sin $ + cos <p cos $ cos h) 

008 <P COS $ 

(as un^er verse 56) 

Ista S'anku = B ^ ain 9 Bin ^ + cos v 008 S 008 h ) 

cos <p cos $ 

X B Sin S Si i^- from formulae (13) and (19) 
R tan p tan £ v K J 

=R (sin <p sin 8+cos tp cos $ cos h)=~R cos z=H cos z 

Or again Ista Hrfci = B C0S z from formula (11) 

cos <p ' 

. ~r , cv , R cos z w H cos <p tj 

. . Ista S anku= X — =R cos z = H cos z 

cos <p xt 

Having got H cos z, using the formula H sin 2 z = R 2 — 
H cos 2 z, H sin z ie. Drkjya can be computed. Also K =* 

12R and S= EH ' m z give the Chaya Karna and Chaya. 
H cos z xt 

Bhaskara cautions us that H sin z cannot be computed 
from Hrti as mentioned in verse 37. because there in that 
verse, the H sin z computed is that at noon alone. 

Verse 62. Alternate method of obtaining K. 

The Chayakarna when the Sun is on the unmandala 
multiplied by Kujya or that when the Sun on the prime- 
vertical multiplied by Taddhrbi, or again that when the 
Sun is on the meridian multiplied by Hrti, divided by 
Ista Hrti, will be equal to the Ista-Karna I£. 
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Comm. Equation (23) under verse 41 is 

lata S'anku _ DJL _ S.S. _ U.S. = CQB j 
lata Hrti Hrti ™ Taddhrti Kujya 

and 12 = Hcosz (under verge ^ 
K R 

1 QTl 

ie K = , which means 

Ista Sanku 

12R 12R 
Dinardha Kama = — ; Sama Karna = — — 
JL>.b. b.b. 

and unmandala Karna = ^J^* 

Substituting for the numerators in I 
12R 12R 12R 



K X Ista Hrti DK X Hrti S.K X Taddhrti 

12R n 

= U.K. X K!ujya 

Ista Karna X Ista Hrti = 8.E. X Taddhrti 
= U.K. Kujya 

. I sta Karna = tJ"mandala Karna X Kujya 

Ista Hrti 

_ Sama Karna X Taddhrti Dinardha Karna X Hrti 
Ista Hrti Ista Hrti 

Verse 63. Just a caution. 

If in any context where the word una-yuta has been 
used, the quantity to be subtracted exceeds the quantity 
from whioh it is to be subtracted, it goes without saying 
that subtraction should be reversely effected and in the 
place of addition subsequently prescribed subtraction should 
be done and Vice-versa. 

Comm. Bhaskara gives three examples to illustrate 
his point. In verse 54, while defining Sutra (H sin 90 —ft) 
we are a^ked to subtract cbara from unnata when ^ > p 
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Fig. 56 

and add Ohara to Unnata when g < o and take the H sine 
of the result. Let us first consider the case when 8 > o. 
(Refer fig. 56) when the Sun is at © , lata Sanku is H sin ©L; 
and Unmandala Sfanku is H sin BM. When the 
San is at © lt Ista Sfonku = H sin ©,N. In the first case 
Istayasti = (Hsin L — H sin BM) which will be the 
orthogonal projection of © B on the meridian plane. 
Unmandala S'anku and the Ista S'anku in the position © x 
are similarly the orthogonal projections of BM and QjN 
on the same plane. In the position © Ista Stenku = 
Unmandala S'anku + Istayasti, whereas in the position 
©!, Ista S'anku = Unmandala S'anku — Istayasti which is 
now downwards. Thus in the place of addition we have 
subtraction of Istayasti. This reversion has arisen out of 
37 
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the fact that in the position © , Sotra is the H sine of 
(KA — KE) whereas in the position © x Sotra is the H sine 
of EC ie. H sine of (KE — KC) ie, in the former position 
Sutra =» H sine (Unnata-Ohara) and in the latfcter Sutra 
H sin (Ohara-Unnata). Thus a reversion in subtraction 
here, effects a reversion of addition of the Isbayasfci. 

Similar is the case in the other cases cited by Bhaskara. 
Analytically this happens so because cos h, when h > 90, 
becomes negative and adding cob h fiantamounts to 
subtracting sin Q where h = 90 + 9- 

Verse 64. Another point to be observed. 



Hvers (90 + 9) = B - E cos 90 + 9 = R + H sin 9. 

The Unmandala S'anku is not observable when & is 
south in as much as it is below the horizon ; none the less 
it may be computed for the purposes of effecting proportion. 









H -V 











Fig. 57 



Hvers (CG) - Hvers (COG) = GH 

Hvers (EG) - Hvers (EOG) = Hvers (90 + 0) 
= R + OH 1 = E + EL = R + H sin ® 
as defined by Bhaskara, 
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Comm. Under verse 68, we had to form Hvers M a 
doubt might arise, as to what this Hvers h would be if 
h > 90. Hence Bhaskara defines it and the definition is 
dear from fig. 57. The Unmandala S'anku has the 
formula B sin g sin <P so that either when g is negative or 
when <p is negative, it will be negative which means it will 
be in the opposite direction ie. vertically downwards. 
Since negative latitudes are not considered by the Hindu 
astronomers, the other case alone is considered. Even 
from a figure it is evident that when the Sun is in the 
south of the Equator, Tihe Unmandala Sanku is vertically 
downwards. In proportions like I given under verse 62, 
we can use the magnitude of this Unmandala S'anku also 
and it does not vitiate the results, when we take its 
numerical value. 

Verse 65. The Sun crosses the prime- vertical when 
his northern declination falls short of the latitude. Then 
alone there is sense in giving the magnitude of his shadow 
at that moment. When the Sun does not cross the prime- 
vertical at all, the Sama STanku whioh could be computed 
out of its formulation, though it does not exist, under the 
Sun, yet, it could be used in proportions (like I under 
verse 62) and no blunder is committed. 

Comm. This is a beautiful example cited by Bhaskara 
where he intuitively uses the so-called principle of 
geometrical continuity. We have formulated Sama 
S'anku as ie. H cos z * ^L§. We have a real 



sin <p 

value of z when > <p, for, then only H cos z < B When 
then H cos z > B which is impossible, for, no 
Hindu sine or Hindu cosine could be greater than B just 
as no modern sine or oosine could be greater than unity. 
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Yefc - J* will have a value greater than R ie. 
sin y 

even though the Sama-S'anku is never born so to say, 
it has a magnitude. 'cPrfKrfM' la^H^ra^' Bhaskara 
exolaims with respect to the magnitudes of Sama-S'anku 
and Taddhrti as well, both of which are not there, yet, 
both of which have magnitudes greater than R. So 
he says "those magnitudes of the Sama-S'anku and 
Taddhrti are like the sons of a barren lady". Then 
he says ' ei^fq ti&tfl * ie. ' We Bhall show how they arise.* 
Here he uses his intuition of the principle of geo- 
metrical continuity. Even when the diurnal circle does 
not cut the prime-vertical, their planes intersect, out- 
side the sphere and the perpendicular dropped from the 
point of intersection on the plane of the horizon is the 
Sama S'anku which has a magnitude greater than R. 
Similarly the Taddhrti could be seen what it is now. 
The3e magnitudes can enter into a proportion like the I 
in verse 22, and do help us to get the other real magnitudes 
like the Unmandala S'anku etc. 

Verses 66, 67 and first half of 68. To obtain the 
time from the shadow. 

Tt t , U.K. X Carajya D.K. X Antya 
Istantyaka = j-g — — — 

= h * Ra — ; Hvers" 1 (Autya - I. A.) = h 
Hoob&XI.K.' . 

Dinardha — h = Unnatakala 
where K = Karna, k = Vishuvat Karna, I.A. = IstSntya. 

Comm. We had under verse 62. 

Ista-Karna X Ista-Hrti = D. K. X Hrti - S. K. X 
Taddhrti — U. K. X Kujya multiplying throughout by 

B 

Heos§ 



aoo 

Ista-Karna x I. A. = D. K. X Antya = U. K. X Carajya 

4-u fc t a O.K. X Antya „ U.K. X Carajya T 
30 tha * = I.K. ~ I.K, 1 

But U.K. = ^ (verse 40) 

U.D. 

tt tt n - 12B X Carajya 
.*. U.K. X Carajya = ^ 

= jflB X Kujya X R gince Cara j 5 = Kujya X B 
U.S. X H cos g ' H cos g 

But Kujya and U.S. are the Karna and Kofi of the 
seventh latitudinal triangle so that ^jjp — ^ 

Comparing with the first fundamental latitudinal triangle. 

, '„ vn . _ 12B 2 X k &R 2 

. . U.K. X Carajya = — ^ 1t , ^ 

* H cos g 12 H oos $ 

Henoe substituting in I 

TA _ U.K. X Carajya _ &R a 

I.K. H oos g X I.K. 

Thus we have proved the first part of the statement. 
Having obtained I. A., from fig. 52 we have Antya — I. A. 
-(FQ-AN)=CQ. The Utkrama Capa of CQ = NQ = h 
and Dinardha — h = Unnatakala. Let us see what this 
procedure means in practice. Since on any day at any 
place, f and the declination of the Sun are known we can 
compute all the magnitudes given in the verse or more 
easily H oos § so that from the formula Istantya =«= 

— ^ T j, where K = VS 3 + 12, the shadow being 

JbL oos o x i.n. 

observed Istantya could be computed in no time. Also 
the Antya of the day R+(H tan f tan can be computed 
so that the segment CQ can be got. The inverse Hversine 
qf this is h. The arc CQ above was symbolized as Stera, 
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BhSskara's proof of LA. = _ PI 1 proceeds 

H cos £ X I.E. proceeas 

from first principles as follows:— (i) If by h we have 12 as 

the Koti what have we for R ? The result is H cos z, 

Mahas'anku. Alaha S'anku = From Mahas'anku 

we pass on to Ista Hrti with which it forms a latitudinal 
triangle. If by the gnomon of 12 units we have 7c the 
Visbuvat Karna, what have we by Maha S'anku ? The 

result is — . x A = J^. Again from the Ista* Hrti we 

pass on to I. A. by multiplying by— 80 that LA. = 

AR 3 H ° 08 ^ 
H cos g X I.K. aS given * 

Second half of verse 68. The inverse Hversine if a 
quantity x greater than R, is 5400 + H sin ~ x (Q) when 
x - R = 0. 

Comm. Sinoe Hvers (90+9) = R+H sin 0=x (say) 
90 + = Hvers - 1 (R + Hsin 0) = 

But 90° are equal to 5400 asus and 0=H sin (H sin 0) 
= H sin - 1 r> - R) = frorfa swwzRjrerqq; 

•'* 6400 + f^rfa^'TSWsrrq** = Utkrama Capa of a 
WSWff%*i quantity. 

Verse 69. Alternate method of obtaining the time 
that has elapsed after Sunrise noting the shadow 8. 

Subtract Charajya" from or add it to Istantya according 
as $ is north or south. Obtain inverse H sine of the 
remainder and add the Caracapa to this inverse H sine. 
Then we have the unnatakala by converting the result into 
time 
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Omm.. Kef. fig. 52. I.A. = AN. U t O"*: 
r N Hvers (BN) = arc EN. Arc EN + Caraoapa- 
EN + EM = MN. This converted into time is evidently 
the Unnatakala because the « MS of the eqoator is the 
ar0 intercepted between the feet of ^ d °°!' natl0 ° 
circles at rising and at the time conceded M being the 
foot of the rising declination circle and N the foot of that 
at the time in question. The convention of signs is 
clear. 

Verse 70 and first half of 71. To obtain the Sun's 
longitude from the shadow S. 

The gnomonic shadow at noon, being multiplied by R 
and divided by K, the inverse H sine of the result gives 
the meridian zenith-distance. This being decreased or 
increased by the latitude gives the Sun's declination 
according as the extremity of the shadow is north or 
Bouth. Irom the declination, we have the Sun's longitude 

, „ . * H sin * H sin <» 
by the formula H sin o — ^ — 

Comm. We have from the triangle formed by the 
gnomon and the shadow S, ~ = sin z or — = H sin z 

* H sin" 1 (^~) — z - since we are direoted t0 take 
the mid-day shadow, we have the meridian zenith-distance 
and from the formula z + & - ? we have |.- If the 
extremity of the shadow be north, the Sun issouth of 

lle Znk and theu 9 ~ * - *< The word ]? 
used to signify difference which is positive. If a > 6 
then the declination is south and vice-versa. If the 
extremity of the shadow is on the south, the Sun is on 
the north of the zenith, in which case 4> + z - i>. 

Second half of verse 71. To obtain 4 from 8. 
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If the zenith- distance and the declination are of the 
same direction, their difference, otherwise their sum will 
be the latitude. 



ever, Z is south and 8 is north, so that their sum is 
equal to (£. It will be noted that the Hindu convention 
of signs does not contemplate negative declination and 
also it uses the word ' difference ' to signify the positive 
difference, as for example, in the first two cases $ ~ Z is 
taken as <£. The modern formula Z -f g = applies 
universally with the convention that g is -fve if north, 
& is +ve if south. 

Yerset 72, 73. To obtain the Bhuja from the shadow. 
A X K 

Karna Vrittagra = — g— where A = Agr5 and K 

the Chayakarna. This Karnagra is bo be taken as 
belonging to the opposite hemisphere to the Sun. Calling 
this Karnagra as a and the equinoctial shadow as a, a + s 

acoording as $ is south or north gives the Chayabhuja b. 
Thus a + $ = b. If the extremity of the shadow be on the 
north and B fc © north, then 6 + a = s ; if § be south 
b „ a = a . If 6 be north, b ~ s = A, otherwise ie. if 

south b + s = a. R * ° = Agra and 

AgrS X Koti of latitudinal triangle — H sin 
JUrna of the latitudinal triangle ^' 




Fig. 58 



Comm. Suppose the zenith- 
distance is north and decli- 
nation also north, then 
clearly from fig. 58, in this 
position of the Sun QS X — 
ZSj Z (1) Again 

in the position S, of the Sun, 
zenith -distance is south and 
declination is also south ; so, 
here also difference gives & 
ie. ZSa - QS 3 = Z = 
(3) In the position S a , how- 
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Comm. These verses are very important and the 
contents have been already elucidated under verses 13-17. 
We shall elucidate the convention of signs in more detail 
both from the modern point as well as from the Hindu 
traditional point. First we shall discuss the modern. We 
have the formula A = S + B where A = Agra, S = 
S'ankutala and B, S'anku-bbuja. Let us confine ourselves 
to 'north latitudes alone, for, south latitudes did not 
concern the Hindu astronomers. Then treating north 
declination as positive and also north Hindu azimuth as 
positive the above formula holds universally. (Ref. fig. 69) 
Let the figure represent the meridian plane. Let S lt S 9 , S, 
be the projections of the Sun's positions in their diurnal 
oircles on to the meridian plane. Let A, B. be the 
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projections of the rising points of the San on the same 
plane. Let perpendiculars be dropped from Sj, S 9 , S, on 
the plane of the horizon. Let o be the centre of the 
sphere. Let ns be the north-south line. In position S ]} 
8,0 = jyanku Bhuja, KA — Sfankutala, ok — Agra, so 
that A=S+B (1) In the position S a . S a D = S'anka-Bhuja, 
LA = S'anku-tala, oA = Agra, so that B -f- A - S ; but 
here B is negative, a the azimuth being south so that writ- 
ing — B for B, - B + A - 8 .*. A = 8 + B again. In 
position S„ OB = A, MB=S, OM<=B so that A-f-8=B ; 
but here A is +ve, S being south and B is negative a 
being south ; hence writing — A and — B for A and B 
A -f S = — B or A = 8 + B again. This shows that 
with the convention cited above A — 8 + B holds good 
universally. 

Now let us consider the situation with respect to 
the Karnagra. Eachyof the three quantities a, 6, * have 
now opposite directions. If $ be north, the Sun will be on 
the north of Equator, but the extremity of the shadow will 
now be on the south of the Equinoctial shadow line 
(E.S.L.) ie. the line which is parallel to the East-west 
line at a distance of the equinoctial shadow s, and which 
is the locus of the extremity of the shadow on the 
equinootial day ; thus when the Agra is considered to be 
positive being on the north of the East point, the 
Karnagra, though it is on fhe south will have to be 
considered positive. Similarly when the azimuth of the 
Sun a is on the north of the prime- vertical and is sa 
considered to be positive, the extremity of the shadow 
being on the south of the East- west line and has a 
negative azimuth, the bhuja is still to be considered 
positive. Again the S'ankutala being always south of 
the Udayasta Sutra being considered south and positive, 
the corresponding quantity into which it gets converted 
on the horizontal dial namely the equinoctial shadow s 
will be north of the East-west line and will be considered 

39 
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positive. In other words in the equation a =» b + a, a 
is positive when § is north, b is +ve when the azimuth of 
the Sun is north of the East point, and s is always 
positive. Since in north latitudes, Sfankutala will be 
always south of the Udayastasutra and considered positive, 
the E.S.L. will be on the north of the East-west line so 
that 8 is considered positive. We should have had to 
ooneiderfs negative in southern latitudes, as per the above 
convention but as the Hindu astronomers did not have 
to concern themselves with south latitudes, the question 
of sign for s did not arise except taking it as always posi- 
tive. Hence the equation a — b + * will hold universally 
with the same conventions of sign which we stipulated 
with respect to the equation A = B + S. The foregoing 
analysis is on the modern lines. 




fi 



Fig. 60 
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Now let us see how the convention of signs is 
stipulated in Hindu astronomy^with respeot to the equation 
a = b + s. We have said that * 5 * is always north of 
the East-west line and considered positive. Regarding 
l a\ it is said by Bhaskara shifter which ° means 
that when g is north and the Sun is said to be in 
northern hemisphere, a is said to belong to the southern 
hemisphere. Also when the Sun is on the north of the 
prime-vertical and S'ankubhuja is considered north, the 
Chayabhuja being south of the East-west line is considered 
south. With these conventions of directions (we say of 
directions, and not signs because the Hindu astronomers 
do not speak of signs but only of directions) it is stipulated 
in Hindu astronomy that quantities of like directions are 
t0 be * dd ed, otherwise their difference is to be taken 
'^f^MiT:, ^RTf^tft: This convention stipul- 

ating addition or difference is technically called ' h^k, 
Sa mskara \ That is why it is eaid simply " q^^r^r 
*?temr ^^cTT 5 * ie. 'Samskara (on the aforesaid lines) 
is to be effected between a and s to get bhuja 6 '. Here it 
may be reiterated that the word 1 3f?cR:n ' ie.' ' difference ' 
is used in its restricted sense namely that the positive 
difference alone is to be taken. Thus the ' antaram ' of 
8 and 6 is 3 as well as that of 5 and 8 is also 3. Then it 
might be asked how to deoide the direotion of the bhuja, if 
we were to take 5 as equal to a~b and not a-b or b-a. 
The answer is that between a and s whose directions are 
known as per the aforesaid convention, equating their 
difference ie. a~ 9 to b, we have to take b as having that 
direction which is indicated by that -quantity either a or s 
which has a larger numerical value. 

Thus while on modern lines we take a = b+s to hold 
universally with the convention of signs which we have 
agreed to on modern lines namely that a is -fve if £ is 
north and b is positive- if the Hindu azimuth is north of 
the East point and * is always +ve, we take on the Hindu 
lines with the conventions stipulated with respeot 
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to directions (not of signB) namely that a is south if g is 
north, s is always north and 6 is to be taken to belong to 
that direction to whioh the numerically bigger quantity of 
a and s belongs in the case of difference. Also it is to be 
taken to belong to that direction of a and s when both of 
them have the same direction. 

With this convention in mind, Bh^skara clarifies the 
convention by citing examples. 

(1) 8 = 5, $ is north, Agra = 916'-48" K=30 so that 



be taken to be shifter ie. belonging to the direction 
opposite to that of g). 

Question. " What is b and of what direction ?" 
Answer, b = a+s — 8 (south) ~ 5 (north). (We are 

taking the difference because Samskara is to be construed 
as addition of quantities having the same direction and 
difference of quantities of opposite direction .*. 6 = 3 
and is on the south because the numerically bigger quantity 
of 8 and 5 belongs to south. 



Q. 2. g is north S = 5, A=916'-48" ; K=15, 4 what 



Answer, a = = 4; b = a+s = 4+5 = 4-5 (here 



a is south g being north and s is north so that difference 
is stipulated as above) = 1 (north because 5 belongs to 
north. 

We add here two more examples to illustrate addition 
by saying that g is south in the above examples so that a 
is north in both the examples. Hence in (1) &=8-r-5==13 
(north) and in (2) 6 = 4+6=9 (north). Refering to Fig. 60, 
we see there three oases depicted namely the ex train i- 




916f x30 



8 units (south, because it should 



is 6 and in what direction ? 
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ties of the shadows being A, B and C. In the first case 
AL ^"Karnagra = a (Karnagra is the distance of the 
extremity of the shadow from the E.S.L. namely K.L.R. 
whereas bhuja is the distance of the same from the Bast- 
west line namely PMN) AM = bhuja and ML = s so that 
b— a-{-s addition being justified since both a and s are of 
the same direction namely north. In the second case 
BK = Karnagra, BN = bhuja and NK= s so that -a, 
the difference being justified because a is south and s north. 
Here we have taken the difference as s-a and not a-s 
beoause s is numerically greater and being oriented north, 
the bhuja is north. In the third case, PR=s, CP=6 and 
0R = aso that b = a— s, the difference being justified be- 
cause s is north and a south. Also we have taken the 
difference as a-s and not s-a because a is numerically 
greater and as such lends its direction namely * south ' to 
the bhuja. Thus in the three examples cited, addition is 
prescribed between a and s only when the extremity of 
the shadow is to the north of E.&L. In the case of 
A=S+B or B = A— S also, addition is prescribed only when 
8 is south, which means that the corresponding a ie. AL 
is north. In fact the prescription of addition or differ- 
ence accord in the oases of both the equations either 
A=B+S or a=M-s, 

Verses 74 and 75. Hereafter questions are being set 
and answered on diurnal problems. 

Seeing the shadow of the gnomon, the azimuth and 
longitude of the Sun or seeing two shadows with their 
respective directions, whoever knows the equinoctial 
shadow of the place, I oonsider him as the Garuda or Eagle 
who could overcome the false pride of puffed up snakes of 
astronomers. 

0iven that when K=3G units* the bhuja is 3 units 
south* and when K = 15, the bhuja is 1 unit north, Com- 
pute the latitude, or again given H sin $ = 846 and given 
K and b of a shadow, compute the equinoctial shadows. 
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Comm. The questions are dear the second^ verse 
illustrating the first. 

Verse 76. Answer of the first question. 

1 * + ' . * = * according as the bhujaa are of the same 
f£ a ~ Kj 

or opposite directions. 

Comm. Suppose b t and 6 a are of the same direction so 
that b^Ox— 8 and 6 a =a a — s, taking the modern convention 

of signs. But a x = and a a = ll^ 
R R 

r, KiA , , K.A 

. . hi = - s and Z> a = ^Jp - , 

• 6i + s = A _ & 9 4-j 

K, ' R K a 

/. K a J, - K, & a = s (K, - K a ) 

* , = K » -6. ~ K 9 b q 



If, however b l and 6 8 are of opposite directions ie. of 
opposite signs, writing for 6 a , we have 
K a b x + K t ft a „ 
JI* — k 3 — ' 6 we 6 Cnosen to follow the 

modern convention of signs; otherwise we have to con- 
sider four alternative?, for, bhujas of the same direction 
might mean both of the type 00 (fig. 60) or both of the 
tee of OB or one of the tyye OB and one of the type of 
OA or both of the type OA. 

Venes 77 and 78. Answer to the second question. 

Let Laghu = L = (?H|n^ a . ^ (L ^ ^ ? 

Para - 12 a b. _Let Adya and Para be divided by h ~ 12 a ; 
oall them stili Adya and Para; then >/ p a ra tf + A + Para 
= s according as b is north or south. ~ 



Ill 




Fig. 61 



Comm. The data are 
H sin K and b ; since £ 
and b are given a is known. 
Thus from the triangle PZS 
(fig. 61) we have sin $ = 
sin<4 cos z+cos^ sin z sin a % 
all quantities except £ 
are known. Solving this 
trigonometrioal equation 
which is of the form a cos 
+ b sin d> - c, we can 
have ^. 



We shall now see how it is solved by Bhaskara. Let 
8 be the equinoctial shadow. Then 



But 



& + * = KA_ KH gin ft } 
B H cos <^ 

- 12 _ H cos <k AL 
~V^PT2 a ^ so that 



12 = 

S */* a + 12* R 

12 R 



H oos <b = ^q-j^ 3 • Substituting in I 

b + 1 = KH sin 8 Jia» + 
12 R 

which reduces to 12 a R a {b + «) 3 = K 3 H ain a $ U2 a + « 3 ) 
ie. * a (12 a R a - R a H sin a $) + 26 12 a R. a « = ' 

12 a {(Hsin a S) K 3 — 6 a R a } 
ie. , a (l2 a - *^5"i) + 2. 12 a b. f ) = 12* 

rr flrA KlHsin" g . , J _ 
jiere ^ — ^ i a symbolized as L 
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So the equation reduces to 
«* (12* — L) -f 2, Para s = Adya ; Divide throughout by 

12* — L and put; again 1c ? ara as Para and = 

la — XJ 1^ — ±j 

Adya Then the equation reduces to s a + 2 Para s = 
Xdya ; completing the square (s + Para) 8 = Para 3 + Adya 

s + Para = VPara 9 + Sdya 

.'. s =-- VPara 3 + 5dya — Para as one solution. 

We have taken to start with a = b 4- « which holds 
good according to the Hindu convention when b is 
south ; if, however b is north a = b ~ s so that (6 ~ ») a =' 
a 3 + — 26». So in the equation we have to write — s 
for s, so that we have now s 8 — 2 Para s = Adya ie. 
(t - Para) 2 - Para* + Adya 

.*. s = Vpara 3 + 5dya + Para as the second solution. 

Verse 79. When the Sun's longitude is 135°, the 
shadow of the gnomon is 12 units and west. What is the 
latitude ? 

Comm. Here is a method of obtaining the latitude 
of the place by observing the gnomon's shadow when the 
Sun is on the prime-vertical . 

Verse 80. Answer to the question above. 



12 H Bin g 

>/Sama-S'anku 2 - H sin 3 g 

Comm. Solution in modern terms. 

S =- 12 .'. tan z = 1 .*. z = 45 ; but when the 
Sun is on the prime- vertical, we have by Napier's rtrfa 

Sin jf = sin ^ cos z = sin <j> But since 4 =» 13@° 
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Sin $ = sin X sin « — sin 135 sin & = J$ sin &> 

sin (f> J% = »/2 sin a> ^ = 

.*. tan d> = tan 24° 

= .4452 * = 12 X .4452 = 5.3424 = 5" - 20'-" 
BKaskaras solution. Taking the fifth latitudinal 

triangle — = ^ where a; is the Koti 

x 12 

. s = 12 H an $ But we ftre giyen that . the gama . 
x 

^anku ie. 

R 

H cos z = R ooa z = because z = 45° when the 
shadow equals the length of the gnomon. 

H sin X H sin co _ H sin 135 H s in a> 



and H sin § = 



R R 



H i sin45Hsin« -oi-n \s H sin to _ H sin <o 
_____ = R/^2 X — g 



,.x=VSa"n^S'anku a - H sin* & = sj?? - H sina * 

^2 2 

_ H cos . _ 12 H sin S X s/ 2 " _ 

~ H C08 <u 

12 H ein co ^ »/2 



>/2 H cos a> 

_ 12 H sin _ = 12 X 1397 
H cos co "s/3438 3 - 1397 2 

since H sin «> = 1397 (verse 12 Spasbadhikara) 

= 5" - 20'" 

Terse 81. Two more questions. 

An observer at Ujjain observed that the Sun was on 
the prime- vertical 5 nadis after Sun-rise or 5 nadis after- 
noon. If you could give me the declination of the Sun at 

40 
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that momente I would reckon you as one who could be 
well compared with the goad that could be applied to the 
head of the wild elephants of puffed up astronomers. 

Verses 82, 83. Answer to the first question. 

Assume the H sine of the Unnatakala to be Ista Hrti 
in the first place. Multiply it by 12 s and divide by k* the 
square of the Visuvatkarna. Then you get an approximate 
value of H sin ft. Then compute with this, H sin 
Cbarajya etc. and thereby obtain a more correct value of 
the Ista Hrti. Multiply this by the H sin g got before 
and divide by the first Hrti assumed. Then we have a 
nearer approximation of H sin ft. Repeat the process till 
a stationary value has been reached. That will be the 
correct H sin 

Comm. We know that H sine of the Unnatakala is 
nearly the Istantyaka. It will be noted that Istantyaka 
is the sum of two H sines namely (1) Carajya (2) 
H sine of Unnatakala minus Chara. The second H sine is 
called Sutra or H cos h. (Vide page 278), 

Thus Sutra -f Carajya = Istantyaka whereas 
H sine (Unnatakala) = H sine of the Oapas of Carajya and 
SQtra. In other words H sia (Unnatakala) = 
Hsin (H sin-' Carajya + H sin" 1 (Sutra)). Ista Hrti is 

Istantyaka x H ^ . But we do not know H sin g so 

that Ista Hrti could not be got. So we will not be far 
from truth in assuming the given Unnatakala to be Ista 
Hrti itself ie. Taddhrti here, as the Sun is on the prime- 
vertical. The formula for Taddhrti is 

R" H sin S = B>. H sin ft m K g H sin & 

H cos H sin B. 12 ' ~ v s 12 s 
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Taddhrti X 12 9 



— sin J}. Thus assuming H sine 



of the given Unnatakala to be Taddhrti and multiplying 
it. by 12 s and dividing by h* we have the value of H sin 
But this is approximate because the given Unnatakala is 
not exactly Taddhrti but only an approximate value. 
From this H sin g, compute H cos Charajya, Kujya 
and through the process indicated in verse 64 namely 
** Subtract the Characapa from the Unnatakala. The 
H sine of the result is called Sutra. Multiply the Sutra 
by H 00s $ and divide by R ; then we have Kala. Add 
Kujya to Kala; we get Isfca-Hrti ", we obtain a more 
correct value of Taddhrti. Then here we may out short 
the process as follows namely ' If by the assumed Taddhrti 
we had the previous H sin 8, what shall we have for this 
more approximate Taddhrti '? The result will be a. more 
approximate value of H sin Again form the Taddhrti 
with this H sin $ and so repeating the process till we have 
a stationary value, we have the correct value of H sin ft. 

Note. This is a beautiful example of the method of 
successive approximations which is a modern technique 
but which was so much in vogue and favourite with the 
Hindu astronomers. (It will be noted how to cut short the 
method). 

Verses 84, 85. Answer to the second question, 



Obtain 12 a R 3 /(R 8 - H sin 3 h) * a + 1 and divide R 9 by 
this and take the square root which gives H sin Then 



of the Sun. 

Comm. The H sine of the given Natakala is H sin h 
and R a — H sin 8 h — H cos 3 h. Let H sin g be x, which 
is required to be found. Then R" — a? 8 — H cos 3 
H 00s h — Sotra and 



R X H sin g 
H sin a 



gives H sin A whose Oapa gives the longitude 



3L6 

Sutra X H cos & = Ral _ = H cos h H cos 8 = 
K E 

H C08 h s/R* — 3.* 

It " 

But Kala" is the Koti of the fifth latitudinal triangle of which 

H sin & is Bhuja. Hence Kal5 X H 8ip = H sin B = x 

H cos & 

ie H cos ft VB ^Eg x Hsin<£ = ^ . bu( . Hsinj* = ^ 
B H cos ^ 5 H cos & 12 

/. Squaring both sides ^"Hsm 3 ft) (B»-s») ^ 

B a A 12 3 
12 2 k« * a = s 3 (B a -H sin 3 h)-s* ** (R 2 -H sin 3 ft) 
ie. * 3 {(12 3 B 2 +s a (R a -H sin 3 ft)}=s 2 R a (B 3 -H sin 9 ft) 

. = s 3 B a (B 3 - H sin 3 ft) 

12 a B a -f s a (B a — H sin a ft) 

Ra • B 

a; = 



12 8 B 3 * * * / I2 a B a ~ 

« a (B a — H sin 2 ft) ^ ^ S " (B a -H sin a ft) +1 

H sin $ as given. From H sin g, the method of obtaining 

A is clear from the formula H Sln x H sin M =h sin In 

B 

the given numerical example ft - 5 nadis = - qn° 

12 

since §0 nadis of time correspond to 360°. 
B 

? Thus H sin ft = _ . the remaining work follows. 
Verse 86. Another question. 

' When the Sun is on the prime* vertical the gnomonio 
shadow is noted to be 16 inches. The Unnatakala is. 8 
nsdis. If you could give the H sin $ and s, I shall con- 
aider you nothing short of one who is an adept in solving 
the totality of the diurnal problems. 

Verses $1 and 88. Answer to the question . 



31,7 

Here also assume H sin (Unnata) to be the Taddbrti 
as formerly done. Then as the shadow is 16", 

& = */l6 8 + 12 a = 20". Then Hcosz = 113=13 x 3438 

K 20 °° 

Unnatakala = 8 nadis = 48°. 

.'. H sin (48°) = assumed Taddbrti. Then from the 



fourth latitudinal triangle, 



H sin 48 _ ft 
H cos z ~ 12 



Approximate value of ft is 12Hsiri48 = 20 H sin 48 

12/20 X 3438 3438 * 

This is a known quantity from which s could be computed 
since 12 a + « 2 = ft 2 . Again from the fifth latitudinal 

triangle » = = ^ . 
ft 8. S. 

Here ft and S. S. (Samamandala-S'auku) are known 
.*. H sin g oo'uld be got approximately. Thus we have 
found approximately the required quantities s and Hsin g. 
From this H sin ^ and s we have to compute again H cos g 
Carajya, Kujya* etc. and applying the procedure of verse 64 

H- (Unnata^cara) X H cos & , F . _ T , „ ,. , . 
sm ^ -L^± y Kujya = Ista Hrti; this 

is nearer value of Ista Hrti than the assumed Taddhrti. 
From this again obtain as before s and H sin g ; we could 
not apply the proportion " If by the assumed Taddbrti we 
have the previous H sin what shall we have for this 
computed Taddhrti (Ista Hrti)" for the reason given 
below. So Repeat the entire process till an invariable 
quantity is got which will be the correct value of H sin 

Here repeating the entire calculation is oorreot and 

not taking the proportion because Taddhfti = ^ 8 * n ^ 

Sin & cos d> 

where sin 6 and sin 9 are both to be oomputed. 



Formerly we oould take the proportion in verse 81 
because the latitude of Ujjain being known, in the magni- 
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tude of Taddhrti namely Q ? H . Bin * only H sin £ is 

Sin cos (f) 

variable and Taddhrti is directly proportional to H sin ft. 
But in the pre ent example both H sin ft and H sin are 
both variables so that, that kind of rnle of three does not 
work. 

Verse 89. Oh ! Mathematician ! At a place where 
s — 5", there 10 nadikas after Sun-rise the shadow S is 
observed to be 9". Tell me what the longitude of the Sun 
would be, if you are an adept in computing as well as 
understanding the geometry of the sphere. 



Verses 90, 91 . Answer to the question posed. 

{Unnatakala) to be Istantyaka 
= H cos ft where I. A. = Istantyaka. 



Assume H sine {Unnatakala) to be Istantyaka. Then 

K X H cos z X R 



12 X I. A. 

R 3 — H cos a 6 = H sin 3 & ; from this approximate H sin 6 
and the given s compute a more approximate I. A. Repeat 
the prooess till an invariable quantity is obtained for 
H sin d, which will be its correct value. From this, using 

the formula H ein 6 = H 8m ' H 8 g-^ , x could be had. 

R 

Comm. We know the formula for I. A, as 

R 3 H COS Z . „ . , i . -r . 

_~ — ■ Assuming Unnatakalaiya" as I. A. 

H cos P H cos d " 

H sin (Unnatakala) = _^ ^ c o s _z — 

H cos s» H cos <5 

TT s R a H cos z h X R X H cos z . . _ 
• 008 = 12R. I.A. = laXI.A. ifr ° m 

k 

whioh obtaining H sin <5 and proceeding as indicated we 
have In the above proof we have used our formula. 
But Hindu Astronomers prooeed from first principles. Let 
us hear BhSskara. Since S = 9"; K «• *Jq* + 12* = 15" 
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.-. Maba-S'ankn-H ooa z- B * 12 = 3438x12 « 2750-24. 

K 15 

We know that Maha-S'ankn forms a latitudinal triangle 
with lata Hrti. 

8o^i.4 S .-. W. Hrli - 5»2L«.X * 
Ista Hrti k 12 

... htantya = *&JW * B ie. H cob 6 = Ma^grMxR 
H cos o Istantya 

H ^iz^i*^ R sub8titutiin g above value of Ista 

Hrti. Here H cos z is got above and I. A. has been assu- 
med above as H sin (Unnatakala). 

Note. (1) Computing 

H X » / ' r + "Li r X J R 

15 12 X H Bin (60) 

E S X 13 13 RX2 TT n e _ 

= 15 H sin 60 " 15x7T fe H oos <J > B which is 
invalid, 

(2) This is the only place where Bhaskara gave a 
numerical example with a slight flaw. In other words, 
under the given circumstances the shadow must be greater 
than what is given. However, the procedure indicated is 
mathematically correct. 

(3) It is interesting to note that the flaw was noted 
by a commentator named Laksmidasa as reported by 
Munlsfwara in his Marichi Bhasya. Munis'wara also 
noted the flaw but argues away in an untenable way. 
Another commentator named Ganes/a who was the author 
of the commentary named S'iromanipraoa^a, does not seem 
to have noticed the flaw, or even if he did notice, probably 
he fought shy of pronouncing that there was a flaw. In 
fact a Bimple flaw like this in numerical examples, is not 
in the least derogatory to the prestige of Bhaskara. So, 
the commentators who happened to notice the flaw need 
not have pointed the same. 1 
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(4) Or again in the given place, for the value of 
H oos 6 to be valid the Unnatakala % must be such that 
16 H sin x > 13 R go that H cos 6 might be less than R. 
This means sin * > £f = .8667 so that x > 60°— 4/ ; so 
instead of 10 nadikas, if the time were given to be just 
even one Vinadika greater, it would have been alright, or 
again if the latitude were given to be just a little less it 
would have been alright. 

Verse 92. Oh ! Mathematician ! please tell me the 
magnitudes of the equinoctial shadow and the longitude 
of the Sun if at a place on a particular day, Kujya is 245 
and Taddhrti 3125. 

Verse 93. Answer to the questiou above. 

s = /s / ~144'Knjy g_ ftnd H sid 6 = 1 i^ya 
Taddhrti— Kujya s 

i n n - i BH sin d 
and H sm A — — ~ — : — — . 

H sin • 



Comm. From the fifth latitudinal triangle compared 
with third, 

Kujya _ Krantijya _ Agra _ s 

Krantijya Taddhrti — Kujya S. S. ~~ 12 
(1) (3) (3) (4) 

Multiplying (1) by (2) - Ku W* . « il 

y V ' Taddhrti -Kujya 12 a 

/ 144 Kuiva 

•'■ * = V TaddM.-K ujja A1S ° EqUatiDg (I) aDd (4) 

12 

Krantijya = — Kujya. 
s 

Verse 94. Given that H sin 6 -f S. S. + Taddhrti— 
Kujya 6720, and Kujya -f Agra +H sin <5 = 1960. Then 
I shall consider him who finds s and the longitude of the 
Sun as the very Sun illuminating the lbtiises of astronomers. 
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Verse 95. Answer to the question above. 

Divide 12 X Second sum by the first sum, that will 

l„ „ a • 12 X Second sum „ . e „ 

be $. Again ^-^ ^ + ^ = H sin 6. From H sin 6, X 

oould be had as before. 

Comm. Comparing the third and fifth latitudinal 
triangles 

Kujya _ Krantijya _ Agra _ s 
Krantijya Taddhrti-Kujya S. S. 12 

Kujya + Krantijya + Agra I960 _ 7 

Krantijya -f- Taddhrti + S. S. — Kujya ~ 6720 ~ 24 
.'. s = 7/24 X 12 = 7/2 = 3|". 

Again comparing the third and the first latitudinal 
triangles 

*_ = 12 = _k_ = * + 12 + ft 

Kujya Krantijya Agra Kujya 4- Agra + Krantijya 
(1) (2) (3) (4) 

= « + 12 + ft 
1960 
(6) 

Equating (2) and (6) Krantijya = 12 x 1960 

12 + s H- ft 

_ 12 X 1960 _ 12 X 1960 QylA . 

~ 7/a + ^t + Y - — — = 8ince when * = 7 / 2 

ft = 25/2 which is the hypotenuse of the triangle formed 
by the equinoctial shadow wifh the gnomon. 

Equating (l)and (5) Kujya - 245; equating (3) and 
(5) Agra - 875. 

Now from the fourth latitudinal triangle compared 

with the first ~— = §bJL- = Taddhrti 
s 12 ft 

(1) (*) (3) 

41 
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From (1) and (2} S. 8. - ^ x Agra - X 875 =- 8000 

From (1) and (3) Taddhrti = * X Agra 

- j X ? X 875 - 3125. 

Note. This is a beautiful example exhibiting Bhse- 
kara's dexterity in algebra. 

Verse 96. Given that the sum of H sin 6, S. S. and 
Taddhrti - Kujya =- 1440, and the sum of Agra, S. S. and 
Taddhrti =• 800, I shall deem him whoever finds s and the 
longitude of the Snn, as the very Sun illuminating the 
lotuses of astronomers. 

Verse 97. Answer to the problem above. 

The second sum divided by the first and multiplied 
by 13 gives k from which s could be got. Then the first 
sum divided by s + 12 4 * gives H sin 6 from which the 
longitude of the Sun could be got. 

Comm. Comparing the third and the fifth latitudinal 
triangles, we have 

Agra = S. S. = Taddhrti 

Krantijya Taddhrti -Kujya S. S. 
(1) (2) (3) 

J Agta + S. S. + Taddhrti 1800 5 

" 12 = Krantijya + Taddhrti - Kujya 4- S. S.~l440~4 1 
< 4 > (5) (6) 

Equating (4) and (6) k - 12 x 6 - lfi 



*• - 225 - 12' + ,« ... , - 9. Again comparing 
fourth latitudinal triangle, with the fundamental, 



323 

= SJL- « Taddhrti _ Agrs + S. S. 4- Taddhrti 

* 12 * « + 12+l ~~ 

U) (2) (3) 

9 + 12 + 15 ^6~~ 50 11 

(4) 

Equating (1) and (4) Agra = 9 X 60 = 450 
Equating (2) and (4) S. S. = 12 X 50 = 600 
Thirdly Taddhrti = 15 X 50 = 750 

Again Equating (1) and (6) of I 
__Agra_ _ 5 _ 450 . „ . 450 X 4 

— 360 from which <* could be computed. 

Verse 98. The chara at a place where s = 9, is equal 
to 3 nadis. If you could compute the longitude of the 
Sun, then certainly you are a leader among astronomers 
Oh ! Scholar ! 

Verse 99. Answer to the problem above. 

12 Carajya „ . _ , 

^ 12 X Carajy a y~ = H 810 $ where fr °m 1 

longitude of the Sun could be computed. 

Comm. Let H sin $ = x ; then from the third lati- 
tudinal triangle ^ Knj ' y ? = -1 = i = £ 
Kranti]y5 12 12 1 

.-. Kujya = ~ since Krantijya means H sin 6 

/. CarajyS « i? X = 3R s 

4 H cos $ 4 VjR 9 — p 

- H sin (3 x 6) = H sin 18* .*. Squaring 
9 R a x» = !6 {R a - * 2 ) h sin 9 18 - 16 Carajya" (R 2 - **) 
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.V x a (9 R 2 + 16 Carajya?) = 16 R a Carajya 3 

• x* = 16 R 2 Oarajya 3 . = 4 R Carajya 
" X 9 R a + 16 Carajya* * ' * v/g I R a + 16 Oarajya 8 

12 Carajya __ _ 12 Carajya 

Here Carajya being known, H sin § could be computed. 

Verse 100. If you studied what is known as Madh- 
yamaharana, then compute A the longitude of the Sun 
given that H sin g + H cos g -f H sin * = 5000. 

Verse 101. Answer to the problem above. 

Let the given sum multiplied by 4 and divided by 15 
be Adya ; then H sin $ = 



Sdya - n/910678 - 2 square of the given sum 
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Comm. Let H sin £ = x ; then H cos g = */R a — x* 
H sin w H sin * 



and since H sin $ = 
.*. H sin ^ = 



R 

x R x R 



H sin w 1397 

x T> 

The given sum = x + Jr* _ x * + == 5000 

1*597 

= 5000 - *(l +■ jB-) - 5000 - (f||f ) - 

R a - *■ = 5000* 4- x> - 2 X 5000 X 4835 v 

U397/ 1397 

* f ! + 4835 s i _ 2 X 5000 X 4835 _ R3 finnna 
\ l + 1397"-/ ~1397 R ~ 500 ° 
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ie. x a (1397 s +4835 a ) - 2x4835x1397x5000* = 1397 a (R a - 5000 a ) 
ie. x* (25328834) - 2 X 4835 x 1397 X 5000 x = 1397 2 (R* - 5000 3 ) 

a _ 2 X 4835 X 1397 X 5000 * = l3Vi7 3 (R 2 - 50 00 2 ) 
X 25328834 25328834 

,. ,"-2X6000 x X 6764495 



25328834 



Converting into a continued fraction we have 

2533 

X _L | = ^ go that the equation could be written as 

,- 2 >. 5 ooo^ -r 1 

Here 522^1^ i s symbolized as Adya so that we have 

* B o xa^ x 1397 s (3438* - 5000 2 ) 
X " 2 Adya * = 2532883 

. ta \* 2 I 1397 2 (3438 a - 5000 2 ) 
(*- Adya)* = . Adya + 

= 5000* X — — 5 QQQ3 X 1397 2 1397 3 X 3438 3 
225 2532883 2532883 

= 5000 2 (— - 1397 a \ . 1397 2 X 3438 s 
\225 253288a/ 2532883 

16 1397 2 2 

Here - — - n - „ is approximated to — - 
225 2532883 337 

and o'ooqoq - is approximated to 910678 so that we 
have 

x Adya + /w/ 910678 — where $ is the given sum. 

337 

Sinoe the positive sign of the radical is invalid because 
H sin £ > R, so the negative sign is taken. 
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Verse 102. In a plaoe where $ — 5", the sum of 
Hsinfc, S. S., Taddbrti, Kujya and Agra is 6500; find 
them individually oh, mathematician, if thou art adept in 
understanding the sphere and dealing with the latitudinal 
triangles. 

Verse 103. Answer to the problem above. 

Assuming H sin § to be equal to 12 s and computing 
the various quantities cited ; take their sum. Then by 
rule of three " If for this sum got, the individual magni- 
tudes are such and such what will they be for the given 
sum " each can be had. 

Comm. The cited magnitudes are respectively Hflin § 
RHsin S B 3 Hsin$ H sin § H sin 6 
Hsin<£ ' Ham <£ Hsin <£' H sin <p 

^tcoB^ wn * on are a ^ proportional to H sin ft, ^ being 

given through With this idea of proportionality at 

the baok of his mind, Bhaskara sets this ingenious ques- 
tion, and gives an easy way of solving it by assuming 
H sin g to be 5 x 12 = 60, so that the others can be got 
rationally. 

Witb this H Bin 8, S. 8. 343^/1 = 166, Taddhfti - 

3488' X 60 60 X 6 

3438 X * X 3438 X H " 169 ' Ku ^ a = 13 X 12/13 = 25 
. _ 3438 X 6 „, 
Agra " 3438 X 12/13 = 66 

The sum of these is 475. So, by the rule of three men- 
tioned above, H sin $ = 1200, S. 8. -= 3120. Taddhfti = 
3380, KujyS = 500 and Agra = 1300. 

Or alternatively given s — 5, k = 13 so that Hsin *» 

3438 X6 n „ n , 3438 X 12 w 

— , H cos = — - — . Hence the values of 
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the various magnitudes are H sin ™i2___ t 

5 

H Bin a X 13 9 H Bin 6 X 5 and H ain 6 x IS 
60 ' 12 12 

x 13 169 5 13V 
The sum of these is H am ft ^1 + ^ + go + Tsj + J2/ ~ 

H sin ,(2Lti«Lt«±«±«) = f H sin . - g 

H sin 6 - 9600 H &in 5 =* 1200 from whioh by substi- 
tution the remaining magnitudes could be obtained. 

Verse 104. If the sum of Agra, H sin * and Kujya be 
2000 find them individually, oh ! mathematician if thou 
be an adept in the geometry of the sphere and compu- 
tation. 

Comm. Here the quantities are respectively 

RHsinS rr • ^ a H sin $ H sin 9 a «. *.u • 

- Jr-M H sin o a & a rr ^ so that their 

Hcos? Hcosp 

sum is H sin 8(1 + — s + s ~ ) 

\ H cos y> H cos 9 I 

H Bin 8 (H sin 9 + H cos 9 + B) 
H cos <p 

Here also we are to presume s = 5 so that the above 

aum i H sin d (s + 12 + Jc) (fay proportion of the firBt and 
1 2 

- . t • i. 3' , x Hsin <5(5 + 12 + 13)__ 
second latitudinal triangles) 

La 

f H sin £ = 2000 H sin 5 - 800. Substituting this 
value in the above formula, Agra 

BH sin 6 3438 X 800 X 13 10400 & 86 ~ 40 . 
" H cosP ~ 3438 X 12 ~ 12 .f ' 

. _ m H sin ^ H sin 9 _ 800 X 5 _ 4000 _ 3gg _ 20 
&ujya h cos 9 " 1 12 * 12 
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OG - Gnomon ; OP - Shadow of the gnomon ; 
PM ~ the Bhuja drawn from the extremity of the shadow 
P perpendicular on the Bast-west line ; OM - Koti of the 
shadow extending along the East-west line. AB is the 
Nalaka placed along the Chayakarna PGh The eye is 
placed at A and the planet is visible through the tube 
of the Nalaka AB. 




N 



Fig. 62 

Verses 105, 106 and 107. The method of observing 
through the instrument called Nalaka, the planetary 
position. 

On a horizontal plane mark a point and through it 
draw the East- west line and also the North south ; if the 
planet is in the East mark ofiE the computed Koti of the 
shadow towards on the East- west line; if the planet is in 
the Western hemisphere, mark this Koti towards the East. 
From the extremity of the Koti mark the computed Bhuja 
perpendicular to the East- west line and draw the computed 
shadow from the point so as to form a right-angled 
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triangle with the Bhuja and Koti. Extend a thread from 
the point of intersection of the bhuja and shadow to meet 
the gnomon's top so as to form the Chayakarna or the 
hypotenuse of the right-angled triangle of which the other 
sides are the gnomon and the shadow. Along this thread 
place the Nalaka suoh that the lower extremity of the 
Nalaka coincides with the eye. Seeing through the Nalaka, 
the planet is to be seen. I shall tell how the planet oould 
be seen in water as well. 

Comm. The Nalaka is a simple tube formed generally 
of bamboo. The purpose of this is to verify the correct- 
ness of the computation of the shadow and its bhuja. If 
the computation is wrong the planet will not be seen in 
that direotion. It might be asked how the shadow and 
bhuja are pertinent with respect to a planet, whose shadow 
cannot l>e observed as that of the Sun. True, but the 
computation of the shadow and bhuja are done as will be 
done with respect to the Sun, knowing the deolination etc. 
$s in the case of the Sun. Computation does not depend 
on the observation of the actual shadow. Computing the 
magnitudes of the Bhuja and Koti, the direction of the 
Chayakarna points to the planet in the sky. 

Verse 108. Observing the planet through the Nalaka 
in water. 

f 

/ 




42 



Fig. 63 
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Place the S'anku at the point of intersection of the 
Bhuja and shadow and holding the Nalaka along. the join 
of the top of S'anku and the point, the planet could be seen 
in a basin of water placed at the point. 

Comm. Let P be the planet casting the shadow AC 
of the gnomon AB. the extremity of the shadow is the 
point of intersection of the shadow and the Bhuja. 
Though we have shown the gnomonfin the position AB, 
it need not have been placed there in as maoh as we have 
the computed magnitudes of the shadow, the Bhuja and 
the Koti. Now we are directed to place the S'anku act- 
ually at C the point of intersection of the shadow and the 
Bhuja. Thus CD is the S'anku. Since CD=AB and 
and both are vertical evidently Aj DBA and DCB 

are congruent. Hence DCB - DAB. But DCB = zenith- 
distance of the planet and as such is equal to BAD (also 

the zenith-distance of the planet) .*. DAB = BAP. 
Hence if a tray of water is plaoed at A, the planet will be 
visible as seen through DB, the Nalaka sinoe the angle 

DAB is the angle of incidenoe and BAP the angle of 
reflection are equal. 

Verse 109. The planet is to be shown to the king, 
who has an eye of appreciation for the same, either direct- 
ly (as shown in fig. 62) in the sky or through water as 
shown in the^ fig. 63, having finished the preliminaries 
indicated. 

Comm. Clear. 



End of the TriprasfDSdhySya, 



PARVASAMBHAVXDHIKSRA 

Investigation into the occurence of an eclipse 



Verses 1-2. Multiply the number of years that have 
elapsed from the beginning of the Kaliyuga by twelve and 
add the number of months elapsed from the beginning of 
the luni solar year. Let the result be x. Then add 

Q x (1 1 \ 

to x. Let the result by y. Then the longi- 
tude of what is oalled Sapata-Surya or the longitude of the 
Sun with respeot to a node will be x Ratfis + 

{2y + Txi ^~^ n ^ ld ' If thia l0D g itude be lesa 

than 14°, then a lunar eclipse is likely to occur. 

Comm. The first operation indicated above in direct- 
ing x to be added to 2 * ^1"*^* is intended to obtain the 
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lunations that have elapsed from the beginning of the 
Kaliyuga. In this behalf we are asked to multiply the 
elapsed years by twelve to get the number of solar months. 
Here there is one subtlety to be noticed. The years that 
have elapsed are not entirely solar. In fact the years 
reckoned acoording to the luni solar system were all 
originally luni-solar ; but according to the convention of 
intercalary months, they were rendered solar upto the 
point of the latest intercalation, for, solar months plus 
intercalary months are equal to the elapsed lunations. 
From the moment of the end of the latest intercalary 
month, the subsequent years or year or fraction thereof 
would be luni- solar only. Nonetheless, no difference will 
be there in the oomputed Adhikamasas in adding a few 
lunar months to the solar and taking them all to be solar. 
The maximum error committed in so doing will be of 
the order of (no. of days in a solar month minus no. 
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of days in a lunar month) multiplied by 36 X ^ X fa 
of an adhikamasa, assuming that an adhikamasa would 
occur at the latest in 36 solar months. (In fact, an 
adhikamasa would occur on the average in 32| solar 
months, but we have taken 36 roughly as the maximum 
figure in as much as the occurence of the Adhikamasa 
might be belated on account of the convention strpufated). 
Thus the error would be 36 X 2 X A X io = i\tih of an 
adhikamasa at the maximum. Hence, we are directed not 
only to construe that all the years elapsed to be solar but 
also the subsequent lunations of the current luni solar year 
also to be solar months. Thus getting the number of 
elapsed months from the beginning of the Kaliyuga, the 
computation of the Adhikamasas is formulated as follows. 
If in the course of 51840000 solar months of the Yuga 
there be 1593300 Adhikamasas then during the elapsed 
solar months *> what is the number of elapsed Adhika- 
masas ? The result is 

x x 1593300 = * x 1593300 
51840000 796650 
51840000 
756650 

Q V x 

= — . Since Bhaskara knows that there will be two 
65-4-21 

Adhikamasas roughly in 65 solar months, he performed the 
above operation. This shows that for every 65 solar months 
roughly there occur two Adhikamasas or more accurately 
a little less than two Adhikamas. So, taking, in the first 
instance 2/66 as the ratio of Adhikamasas to the number 
of solar months, Bhaskara tries to find as to what quantity 
is to be subtracted from 2. That is found as follows. If 
there be A adhikamasas in * solar months what will be the 
number of Adhikamasas in x solar months ? The result is 

— . Again if there be two Adhikamasas roughly in 65 
s 

solar months, how many will be there in x solar months ? 
The answer is . But we have seen about that the 



2 x 

accurate number should be — — ^ ie. a little leas than 

65 

2 x 

— . The question ia now to find the value of So, 
65 

2* , . A x . %x A x /2 A\ 
equate T5 - * to _,1 =_-_-,(__ A) 

= * ^ gg 6 g 5 A ) • Substituting for 2 s — 65 A namely 

2 X 51840000 - 65 X 1593300 = 115500 
X = x x 1 15500 * X 2 X 57 750 __ 2 x 



65 X 51840000 65 X 51840000 65 51840000 

5775(T 

2* m A,x 2 * _ ;j _ 2 * 2x 



65 X 898 a 65 65 65 X 898 

2x/ 1 \ 

The procedure, adopted as above, is in a way a short 
cut in Hindu Astronomy to obtaining a convenient con- 
vergent to a continued fraction. Let us use the method 
of continued fractions ; the number of Adhikamasas in 
A x 

x solar months is — ie. * X A/« = 

s 

* X1S98900 _ * X 5311 0onverti 172800 

51840000 172800 6 6311 

into a continued fraction we have 

i -2 + n- s+ s t0 whioh ¥ ia a 00QTer 8 eiit 

but a good convergent is ^ . As this good convergent 

is unwieldy, Bhaskara used 2/65 and made amends for the 
roughness introduced by adopting it. Wherever a con- 
venient convergent is not available, an easy and rough 
ooriyergent is used and amends will be made for the rough- 
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M 

ness resulting as follows. Let -be a fraotion tojwhioh 

— is a convergent having small numbers as numerator and 
n 

denominator, so that ¥ is taken to be equal to - (l + V\ . 

Thus ^ = ^(l + ]) or Mn = Nm (l + 1) 

• Mw — Nw = 2??? or ^ — ^ m > T • In the present 
oase M is the number of Adhikamasas, and N the number 
of solar months. — if taken to be ^ 



n 



T ... j — 2 X Solar months 

.*. In this case * — ^— ----.^r- 

65 X Adikamasas— 2 X Solar months 

which is indicated in the commentary by Bbaskara. 

In this context, it may be mentioned that a Karana- 
grantha named Narasimba based upon Suryasiddhanta 
(A Karanagrantha is a manual according which the Hindu 
calendar is computed with easy numbers without under- 
going the laborious process indicated in the treatises called 
Siddh5ntas like the present Siddhanta S'iromani. In 
these Karanagranthas, instead of taking the beginning of 
the Kalpa or Mahayuga or the Yuga, as the epoch, a recent 
date ie. the date of the author of the Karanagrantha is 
taken as the epoch, and processes using approximations 
are adopted for the sake of ease. Naturally therefore these 
Karanas (as they are also called) get easily obsolete 
within the course of a few hnudreds of years so that a fresh 
Karana is called for preparation, if the oaloulations were 
to accord with the Siddhantas which those Karanas pro- 
fess to follow. In fact, the present Karana of Narasimha 
written in 1333 S'aka year ie. in 1411 A.D. declares that 
a previous Karana named Tithicakra reported to have 
been written by one MallikSrjuna Sari grew obsolete and 
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80, a fresh Karana is being written to aooord with the 
original SQrya SiddhSnta, (Vide verses I, II of Narasimba) 
"fafSrefc ^sprite nf^T^^arT, *t%* «ot erferac. 
a^r*r^ ^3^t src-fa^r ^rr, ^sa< fer% 

#^:'a*JT?Wl ,, This Karana takes 8/98 instead of 2/65 as a 
convergent in computing the Adhikamasas. In this case 

the continued fraction becomes 32 + ^ ^ . i_ t g j na t 

the convergents are &£ t Taking 98/3 as a 

convergent, let us see how it wa3 sought to make amends 
for the roughness of the convergent. As per the Surya- 
siddhanta the number of Adhikamasas during the course 
of 51840000 solar months of a Yuga are 1593336 as against 
1593300 prescribed by Bhaskara. Hence putting 
1593336 = 3/, , 1\ 
61840000 98 \ V 
. 66389 = 3 /« , 1\ x = 3 X 2160000 

* 2160000 9b V ^/ ' 66389 x 98-3 X 2160000 
= 248 very approximately. So Narasimha adopts for the 

Adhikamasas instead of (1 —5—), the formula 3/98 

65 V 898/ 

Having added the Adhikamasas so obtained to the 
solar months we have the lunations that have elapsed 
from the beginning of the Kaliyuga. Then the next proce- 
dure indicated is as follows. In an eclipse solar or lunar, 
the celestial latitude of the Moon ha=! to be less than a 
particular limit for the occurence of an eclipse. Thus in 
the case of a solar eclipse the celestial latitude of the Moon 
must be less than 32', whereas in the case of a lunar 
eclipse it is to be less than 66'. Of course, for a solar 
eclipse to be possible anywhere on the earth, not for a 
given place, the limit is far higher as given in texts of 
modern astronomy namely p m + s + m — p 3 where p m is 
the horizontal parallax of the Moon, pi that of the Sao 
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and * arid m the angular semidiameters of the Sun and 
the Moon. (This formnla we shall see later). This higher 
limit comes to 88.5'. The limit of 56' for the occurence 
of a lunar eclipse is the value of 

fm + - 8 + w as we shall see later. 

The latitude of 56' of the Moon arises out of a longi- 
tude of 12° of the Moon with respect to a node, whereas 
the latitude of 32' arises out of a longitude of 7° with 
resject to the node. Since at an eclipse solar or lunar, 
the longitude of the Moon with respeot to a node, is the 
same as the longitude of the Sun with respeot to the same 
or opposite node, the latter must be 12° for the ooourence 
of a lunar eclipse. But as the difference between the 
mean and true Suns is about 2°, the longitude ia stipulated 
aa 14°. In other words, -for the oecurence of a lunar 
eclipse, the longitude of the Sun on the full-Moon day 
with respeot to the nearer node shall be less than 14°. To 
compute ^this longitude of the Sun with respect to the 
nearer node on a full-Moon day, we are given the subse- 
quent procedure indicated in the verse. In 53433800000 
lunations of the Kalpa, the sum of the sidereal revolutions 
of the Sun and the Node (Rahu) (Sum because Rahu has 
a retrograde motion) is equal to 455231168 which is equal 
to 455231168 X 12 = 54627734016 Rasfis. Then in one 
lunation what will be the increase of the longitude with 
respect to the Node ? The result is 

54627734016 - Rj , , 3583302048° / 74652126 \ 
53433300000 5343330000 V 111319375,1 

dividing by 48 both the numerator and denominator. 
Taking the first two digits in the numerator and denomi- 
nator of the fraction the fraction is approximately equal 
to f| or 2/3. Taking this as a convergent we make 
amends for the roughness as follows. 

74652126 _ 2/ t , 1\ . A 2XU13193 75 

llfFli375 3\ ~*~ <*/ " 3 X 74652126 - 2X111319376 
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^922638750 = ^9 'approximately. Hence the increase 

1317628 vv 
of the Ban's longitude with respeot to a node is 

1 B3ri + |(i + jIq)* Iq fcne be g innin g of the ^ ali " 

yuga, the longitude of the node was 5 Rasrts— 3°— IB' and 
the arc moved by the Sun with respect to the node during 
the course of half a lunation is 0—15-20, so that their sum 
ii 5-18— 33. Here we have added for half a lunation 
because the context is a lunar eclipse and the beginning 
of the Kaliyuga was a New Moon day. Also, at the begin- 
ning of the Kali, the Mean Sun being at the zero-point 
of the zodiac, the negative longitude of the node only is 
the longitude of the Sun with respect to the node. Hence 
we have to add the above longitude of 6 -18 —33 to the 
Idngitude obtained through the above formulation I, which 

means 168°— 33' is to be added to^(l + where * 

ig the elapsed number of lunations. Taking 168°— 33' as 

nearly equal to 168* -40', ^(l + ^ + 168f° 

2*/, , 1 \ , 506 _2^/ 1 , JL\ . 503/ 1 + _L\ 
== -3A 1+ i69) + -F~T-l 1 + 169j + 3 V 1 + 169j 

approximately = , ( 2y ^ 503 ) (1 + 1/169) as formulated. 
Thus for * lunations, the longitude of the Sun with respeot 
to the node is * RaVis + ( 2 * + 6Q3 ^l + JL^. If this 
loagitude falls short of 14°, we could except a lunar eclipse. 

Latter half of verse 3 and verses 4, 5. Particularity 
with respeot to a solar eclipse. 

Add half a Ras'i to the longitude previously obtained ; 
find out on which side the Sua lies, north or south ; com- 
put!) the longitude of the Sun from the number of days 



338 



elapsed after the Samkramaga day (ie. the day on whioh 
he Sun has eft one m*i and entered anothe' ) ° otain 
the hour-angle ,n nadis of the Sun at the ending ^ 
Of the ^Amavsaya .e. at the moment of New Mbon ; add or 
aubtractone-fourth thereof in feia tt ' om the 
the Sun according aa the Sun ie in the Weetern or Eastern 
hemiaphere ; then finding the declination of that S 
and from the aum or difference of the declination and 
la .tnde of the place, obtain the senith-diatanoe of the 
eulmmatrng pomt of the ecliptic ; taking that point to he 

90«th- dtJf i V be ^ ai0Uh ^ 1 ^^ 

Z enith d n f S ?, 0n the e0,ip ' i0 ' find oa «-°™ °t the 
semth-d stance ; tak.ng the sum or difference of the reeuft 

and the long.tude of the Sun with reapeot to the node feet 
m the beg.nn.ng by adding half a Bi*i to hia poaition a 
fnll-Moon) .f the reanlt happena to fall abort of 7* then 
we could expect a aolar eolipae. ' 

If there be no eclipse at the current New Moon, then 
go on adding l Eas-i -0--4C-15" to the longitude f 
the San with reepeet to the Node (which will be hia lonri- 
tune for the moment of the next New Moon) and repeal 
the procedure indicated, the occurence o an eoH™e or 
otherw.se oomd be known. If occurence be indicated then 
compu e the actual poaiticna cf the Sun, Moon and Bahn 
and follow.ng the procedure to be indicated in theohapter 
on aolar ecl.paea, the moment of the occurence rfj. 
eohpae and other relevant details could be computed 

^° mm l 1 I ° L theoaae of a eclipse, the Manaik- 
ylrdha ,e. half the sum cf the diameters of the eouSJ, 
and eol.p.ed bod.es (namely the crcsa-aection of the S'! 
ahadow at the lunar orbit and the Moon) ia 66' TM, j 
the maximum limit to the oeleatial latitude of the Moon 
. an chpse were to occur, and this latitude wil be ttere 
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should be also 12° for the oooarenoe of an eclipse. Since 
it is customary to cheok the oooarenoe of an eclipse 
through SapatasSrya ie. longitude of the San with respect 
to the node (the prefix S a is to signify that the sum of the 
Sun's longitude and that of the node should be taken, as 
the longitude of a node is measured in the opposite dire- 
ction from the zero- point of the ecliptic ) it is stipulated 
that the SapatasOrya should be 12° for the occurence of a 
lunar eclipse. Bat, as the True Sun might differ from 
the Mean by about 2°, and as we are concerned with the 
True Sun only, the limit is increased by 2°, so that a lunar 
eclipse may occur if the Sapatasury a happens to be less 
than 14°, Thus there is no more complication with res- 
pect to the occurence of a lunar eclipse than requiring the 
longitude of the Sapatasurya to be less than 14° for the 
occurence of a lunar eclipse. If this condition be satisfied, 
there will be an eclipse and that will be visible at all 
places, where there is night, since a body in shadow will 
not be seen from any place whatsoever. 

But, there is a complication with respect to the occur- 
ence of a solar eclipse namely that it is not a question of 
the Sun entering a shadow. The Sun could never be 
shadowed. A solar eclipse occurs when the disc, of the 
Moon comes in between the Sun and an observer and 
obstructs a vision of the Sun's disc. The Mpon being very 
near us compared with the Sun, its coming in between the 
Sun and an observer may well be compared with a cloud 
obstructing the vision of' the Sun. Just as, when a cloud 
obstructs the vision of the Sun for an observer, it could 
not do so with respeot to another who is situated at a 
distance, so also, if the Moon effects a solar eclipse for, a 
particular place, it could not do so for all places. This is 
said to be due to parallax or Lambana as it is called (Refer 
fig. 64). It is so called because, when there is an eclipse 
oi the Sun for an imaginary observer at the centre of 
the Earth, the Moon intersecting in. the line of sight to 
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the Sun, for an observer ' ' on the surface of the Earth, 
the Moon is not in the line of sight namely OS but hangs 
down that line vdftfo = That phenomenon 

by which the Moon hangs down the line of sight), Hence 
it is not sufficient to say that the SapatasGrya has a 
longitude of 7° to conclude the ooourence of a solar 
eclipse for a plaoe. If the Sapatasurya be less than 7°, 
eertainly there will be a solar eclipse for some place on 
the earth but not for all places. So, to decide whether 
there will be a solar eclipse for a given place, we are 
to take into account the phenomenon of parallax. At 
every New Moon, the longitudes of the Sun and the 
Moon will be no doubt equal ; yet the Moon may not 
obstruct a vision of the Sun, not being situated in the 
ecliptic plane. He may be above the ecliptic plane- ©r 
below it and if he be within 32^ from the plane, a pat* of 
the Moon's globe may hide a part of the Sun's from the 
vision of certain observers who are situated about the point 
of fig. 64. But suppose an observer is at 0. For Mm. 
there is no eclipse at all as could be seen from the figure, 
As the observer moves away and away from Q' towards 0, 
the effect of parallax will be greater and greater in longi- 
tude, whereas, as the observer moves away and away from 
0' towards O x (where O t is the geocentric pole of the cir#te 
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{a) shown in the figure) along the circle of intersection of 
the Earth with a plane through CO' perpendicalar to the 
plane of the paper, where 0, is a point on the earth such 

that SCO =90° the effect of parallax will be greater and 
greater in latitude. In other words the parallax has both 
an effect in longitude as well as in latitude. When it has 
an effect in longitude only it is called Lambana, whereas, 
when it hag an effect in latitude, it is called Nati. (Thus the 
translation of ' parallax ' as Lambana alone is not fully 
correot, though at times the parallax may have its com- 
plete effeot in longitude only or in latitude only). For the 
observer who moves in the ecliptic plane only as the one 
moving from 0' towards O, the parallax will have its entire 
effeot in longitude only and for the observer moving in the 
perpendicular plane from 0' to O x mentioned before, the 
parallax will have its entire effeot in latitude only. For 
observes other than the two above, it will have effect both, 
in longitude and latitude also. When parallax effects 
longitude the time of conjunction is preponed or post- 
poned, whereas when it effects latitude, the latitude of the 
Moon appears to have increased or decreased. When it 
increases, no eclipse occurs and when it decreases an 
eclipse does occur. At 0', the latitude will be exactly what 
has been computed ; at the point of intersection 0" of the 
join of the centres of the Sun and Moon with the surface 
of the Earth, parallax nullifies the latitude and on the great 
circle 0' 0" there will be parallax in latitude only effecting 
the magnitute of the latitude. 

It. will be seen that for the point 0", the Sun and the 
Moon.are in ths zenith, so that neither will suffer from 
parallax. For the point the Sun will be on the 
horizon and the Moon being depressed below the horizon 
though he is in geooentrie conjunction the parallax in 
longitude or lambana is maximum aud the occurence of 
fche New Moon hid already ©lapsed 4 nadie ago. Farther 
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it will be seen that at the points O t and O, where 0, is the 
other geocentric pole of thecirole (o) drawn there cannot 
be an eclipse, the latitude being inoresaed (as per Hindu 
astronomy) by 48' - 46". In fact, there will be eclipse 
for the places on either Bide of 0" (the point of intersection 
of the join of the centres of the Sun and Moon with the 
Earth's surface) to such a distance as will increase the 
latitude to 32' only. For the other places on 0' 0" beyond 
these points, the latitude of the Moon exceeds this limit 
and so there will be no eclipse. Further clarification of 
Lambana and Nati will be given later. 

The above analysis underlies our investigation for the 
occurence of a solar eolipse. Sapatasurya might be less 
than 7°, but it does not mean that every place will enjoy 
an eclipse. So, for the place concerned, we have to see 
*that, even after taking into acoount the parallax in 
latitude ie. in Nati, still the latitude will be less than 32'. 
To obtain this parallax in latitude, the method adopted is 
to find it at the point called Vithribha, (nonagesimal) 
ie. the point which is behind the Lagna the rising 
point of the Ecliptic by 90° ; for, as we shall see in the 
Chapter on Solar eclipses, the parallax in latitude at the 
Vitribha will be equal to the parallax in latitude at any 
point of the ecliptic In other words, wherever be the Sun 
and Moon on the ecliptic (Moon also being very near the 
node may be taken roughly to lie on the ecliptic) to 
compute the amount by whioh the latitude is inoreased, we 
compute it for the Vitribha, and this will hold good for 
the arbitrary position of the Moon, for, there also the 
latitude will be inoreased by the same amount. The 
procedure given in verse 4 is to locate the Vitribha from 
the position of the Sun and to find its zenith-distance to 
compute the Nati ; or rather, it is to locate the oulminating 
point and taking it roughly to be Vitribha, to compote 
the influence of Nati on the latitude or S^ara. If it were 
bhly to find the Vitribha, it could be computed from the 
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lagna of the moment of New Moon. Computation of the 
lenith-distanoe of the Vitribha is a little cumbrous, so 
that, for brevity, it is sought to compute the culminating 
point, obtain its declination and thereby its zenith- distance 
which oould be taken to be the zenith-distance of the 
Vitribha also, from which the Nati is calculated. 

We are directed to obtain first the Nata or the hour 
angle of the Sun for the moment of New. Moon, We know 
on that particular New Moon day how long Amavasya 
will last after Sun-rise ie. we know when the actual 
moment of New Moon occurs on that day. We also know 
the duration of day time on that day so that subtracting 
the time of occurence of the New Moon after Sun-rise 
from half the duration of day, we obtain the hour angle of 
the Sun (Nata) in nadis. Now the Moon's longitude is 
effected by parallax, the effect being depression of the 
Moon. It is roughly estimated that the hour angle ex- 
pressed in nadis is increased by £ of its value on account 
of this. Strictly speaking the effect of parallax is far more 
on the position of the Moon than on the Sun. But the 
Hindu procedure apparently treats the Sun alone for 
parallax, The reason is that at the moment of geocentric 
conjunction of the Sun and the Moon, when we consider 
the combined effect of parallax on the Moon and the Sun 
at once, for a given plaoe, we may as well compute the 
relative position of the Sun effected by parallax. Let the 
boar-angle of the Sun in nadis be x. Then effected hour- 

angle will be x (1 + i) = nadis. But each Had being 

taken roughly to rise in 5 nadis, the hour-angle in Ba^is 
will be 5a/4 + 6 Ras'is #/4. Hence we are directed to 
divide the hour-angle of the Sun in nadis to divide by 4. 
This jc/4 being substracted from the longitude of the San, 
we get the longitude of the culminating point. Then we 
are directed to obtain the declination of the culminating 
point from toe formula H sin § = H sin « x H Bin X + % 
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This dedication of the culminating point being known, 
and the latitude being known, its meridian zenith-distanoe 
could be got. Take that to be roughly the zenith-distanoe 
of the Vitribha. Then an approximate estimate of the 
effect in latitude is obtained as follows. Let the zenith- 
distance of the Vitribha be x . Then if we have for 
H sin z — E, the max imam effeot of 48' — 46" in the 
latitude, what shall we have for H sin 46° ? The result is 
H sin 45 X 48' - 46" 2431 

~ 3438 = 3l 3- 8 X 48' - 46^ 34' - 30\ 

Then again another approximate estimate is made as 
follows. Let the Sapatasurya (Sapatasurya — longitude 
of the Sun or what is the same of the Moon with respeet 
to the Node) be X. Then for * = 15°, we have a latitude 
of 70'. That being so, for a variation of 34' — 30* in the 
latitude, what will be the corresponding variation in the 
longitude * ? 

The result is = X = -jg =7° 2Q whioh is 

roughly one-sixth of 46°, Hence if the zenith-distance of 
the culminating point taken to be the Vitribha be 45 0< 
the variation in the Sapata surya (= Sapata ohandra) 
will be one-sixth thereof. Hence we are asked to inorease 
or decrease as the may be, the Sapata surya by l/6th. 
If the resulting Sapatasurya be less than 7°. there may be 
an eclipse. When the lunar orbit lies north of the eoliptio, 
the culminating point of ecliptic being south of the zenith, 
the latitude of the Moon is decreased by parallax, so that, 
We have to decrease the Sapatasurya; whereas when the 
lunar orbit is then south of the ecliptic, the effect of 
parallax is to increase the latitude and consequently, we 
have to increase the Sapatasurya. Or again when the 
culminating point of the eoliptio is north of the zenith and 
the lunar orbit is north of the ecliptic, parallax appears 
to inorease so that we have to inorease the Sapatasarya ; 
*acl when^at Jk&% moment the lunar orbit} is south of 
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the ecliptic, parallax appears to decrease the latitude ho 
that we have to decrease the SapatasGrya. 

The proportion that 70' of latitude correspond to 16° 
of Sapata-chandra is due to the formula 
H sin 15° X H si n 41 

R - H sin Using logarithms, 

log sin fi - 9-4130 + 8'8946 = 8'3076 so that 
fl = 1° - 10' = 70'. This proportion could be used 
because the Moon is within 15° of the Node. Hence when 
we are investigating the ocourence of a solar eclipse, 
application of rule of three is not unjustified or crude. 

Herein, Bhaskara assumed the zenith-distance of 
the nonagesimal to be round about 45° and drew a 
conclusion that the effect in the longitude on account of 
parallax in latitude is one-sixth of the zenith-distance. 
Instead if the zenith-distance be assumed to be z the 

re8n u W0Dldbe *§^'^i->oa = |i 

may be taken as a better approximation. If, on the other 
hand the modern value of 67' of the lunar parallax be 

taken, the result would be 57 "n « X 15 ^ ^ ^ g 
approximately which is a better value. 

_ In this calculation, it is better to compute the zenith- 
distance of the nonagesinal using modern methods instead 
of assuming the nonagesimal to be on the meridian. 
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LUNAR ECLIPSES 



Verse 1. The ritualistic purpose served at the time 
of an eclipse. 

Boholars of Smrtis and puranas declare that prayer, 
charity or offerings to gods made in fire at the moment of 
an eclipse conduce to much spirituality. Hence I give 
hereunder the methods of computing the moment of an 
eolipse (lunar or solar) in as muoh as such a knowledge 
apart from its religious importance, is also wrought with a 
beautiful mathematical treatment. 

Verse % The initial procedure to be adopted to 
compute an eolipse. 

To know the occurence of a solarv eclipse, find the 
exact moment of the New Moon, which is indicated by the 
equality of longitudes of the Sun and the Moon, and to 
know the occurence of a lunar eolipse compute the exact 
moment of the full Moon which is indicated by the fact 
that M = 8 -f- 180° where M and S are the longitudes of 
the Moon and the Sun, agreeing in degrees, minutes and 
seconds, though differing in Basis by six. Also compute 
the longitude of the Node (Rahu) for the moment as 
directed. 

Comm. Having ascertained the possibility for the 
occurence of a solar eolipse, we are directed to compute 
the positions of the Sun, the Moon and Rahu for the day 
of the New Moon. The Sun and the Moon are to be 
rectified for corrections like Desantara, Bhujantara, 
Udayantara etc. From the elongation of the Moon the 
tithi is to be computed and the method of successive 
approximations called Chalana Karma is to be used to 
obtain the exact moment of conjunction. This process of 
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Chalana is as follows. At first knowing the elongation of 
the' Moon at Sunrise, by rule of three, using the then daily 
motions of the Sun and Moon, the moment of the 
oonjunotion is to be computed. Again the positions of 
the Sun and Moon are to be computed for that moment 
and also their daily motions are to be rectified for the 
moment. With these reotified daily motions and with the 
then positions of the Sun and the Moon, again the 
moment of oonjunotion is to be computed. Repeating the 
process till an invariable answer is reached, we have the 
exact moment of conjunction. For that moment, the 
position of the Bahu is also to be calculated. Similar 
is the prooedure for a lunar eclipse also. It is to be 
noted that the correction oalled Natakarma, which we 
formerly identified to be the correction for 1 Astronomical 
Refraction ' is also prescribed here as particularly 
mentioned by Bhgskara, in the commentary. (Vide verses 
68, 69 SpastadhikSra). 

Verse 3. The magnitndes of the orbits and the • 
orbital radii of the Sun and Moon. 

The distances of the centres of the globes of the Sun 
and the Moon from the centre of the Earth in yojanas are 
respectively 689377 and 51566, 

Comm. We saw in the KakshadhySya of the first 
chapter as to how these distances were estimated. Some 
scholars pronounced these distances are parameters ; but 
as per the modern estimate of the Earth's radius- as 
compared with that of Bhaskara, (The method indicated 
by him in the Bhuparidhimanadhyaya of chapter I, is 
^uite mathematical) a yojana equals five modern miles 
and with this correspondence, the distance of the Moon 
is very near the truth. So to say that the distances 
given above are mere parameters is wrong ; also if one 
of the parameters gives a correct value of the quan- 



tity in question, the other also should ; but because 
the latter does not, to call them parameters is merely 
meaningless. 

It is interssting to note that in the commentary under 
this verse» Bhaskara says " If for a circumference of 3927, 
the diameter will be 1250, ..." This means that Bhaskara 
3927 

takes W = jggQ = 31416 which compares very well with 

the modern value 3*14169. The value of 7T adopted 
by Bhaskara in this, seems to have been taken from Lalla- 
oharya's Sisyadhlvrddhida, Chandragrahanadhikara verse 
no. 3. 

" wwhw wt 625 surarfe^ 

Verse 4. Computation of what is called the ' Kala- 
karna 

The radius vector is to be computed even in the case 
of the Equation of centre as we did in the case of Sighra- 

phala. If it be 1 K \ g, R - K will be what is Kalakarna 

both in the case of the Sun, as well as the Moon. 

Comm. While obtaining the Equation of centre, the 

formula used was * ^ m whereas, strictly speaking, it 

should have been as in the case of the Sftghraphala, aiter 

effecting the so oalled ' Karninupata ' g sinm. While 

trying to answer why this Karnanupata was not done there 
also, Brahmagupta gave such an answer as made Bhaskara 
exclaim * fafsrstT (fisqrcnns* ' i.e. ' It is really curious 
in this respect.' Bhaskara was really a most rational 
type of astronomer, and one will not fail to appreciate his 
sense of rationality when he declares that {l) l< «l&iwt 
fdtare&% Wjftra(%3 niim^"; and whan he was 
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unable to adduce a proof he declares (2) ' 3wfN&3 
' meaning thereby (1) ' In this branoh of soienoe, we 
reckon only such an authority which has a proof behind 
it ie. which could be substantiated ' and (2) ' There is no 
proof in this but accordance with observations alone 
has to be taken as a proof '. 

Though in the case of formulating the equation of 
centre Karnanupata was not stipulated to simplify matters, 
as there was not much difference, the Equation of centre 
being generally small. It is to answer such contexts as 
this that Bhaskara said in the G-oladhyaya 'CTNWRftVRl) 
araftpfarr^. afogpiraT^ «rfsrarar^> sr««* a^jsmsT^i 
q^q^q^Sgf? *I f^orw " ie. ' If we in some particular 
context do not mention certain things it should not be 
condemned because in such contexts, (1) there is not 
much difference or (2) no useful purpose is served to 
a good extent or (3) it is too clear as does not require 
to be mentioned (4) the procedure implies a lot of 
cumbrous calculations and the result is after all negli- 
gible and (5) Mention will make the work on hand 
too unwieldy and brevity which is the soul of wit is 
to be sacrificed. In the present context this procedure 
of 'rectification of the Karna* is sought to improve 
matters. Bhsskara's words * i^r iT5*q afaftc: a^r 
Rircn^t STWJT^T: ' seem really to imply that in the formula 

^ H sin m for the equation oi centre in the place of B, 

we are called upon to substitute really K. Though we had 
been in default for not doing so in the context of the 
Equation of centre, there is no reason why we should not 
make up the deficiency in this context. So, therefore, 
this rectification of Karna is stipulated here. 
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The procedure originally called for a rectification is 
that taking K to be R, we have to compute r and again 
taking the resulting K to be R, we have to compute r and 
so on repeating the prooess till an invariable value for K is 
obtained. This means that we should go on substituting 
r K 

for r, — . Instead of following this laborious prooess 
rv 

of ' Asakrt- Karma ' ie. method of suooessive approxi- 
mations> Bhaskara gives an alternative in the verse, whieh 
is as follows. 

Let K be the value of the Karna, for a value r of r. 
Since we are directed to make this K as R, ie, we have to 
add R — K to K thus making it R, we add also R— K to R, 
to keep the relative position of R and K to be almost the 

K 

same. In other words considering the fraction = , adding 

Jtv 

R— K to both the numerator and denominator we have 
R 

•— — = whieh means that for a radius 2 R — K, the Karna 
2 R — K 

will be R; that being so for a Radius R what will be the 

R fl 

Karna ? The result is — - — =. as given. 

2 -tv — ix 

It will be noted that the above interpolative procedure 
is adopted as a short cut technique to the otherwise 
laborious process. The mathematical correctness of this 
procedure will be seen from the following analysis. 

The problem is to change the Mandaparidhi to a 
radius K of the deferent by the formula (as indicated by 

r K 

Bhaskara in the course of the commentary) r' — 

R 

ao that dr = r 1 - r - - r = r ( K ~^ (1) Now we 

have K B — R a -f ? ,a 4- 2 R r 003 m construing R and m as 
oonBtants we have to find § K for $ r 
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Differentiating 2K$K = 2r?Jr + 2Roos mgr 

. e BK = Br(r + BoQ8 m) Bufc frQm fig g6 

(which is a portion of the epioyclio figure) 



M t = 180— w 
✓\ 

Oj = *» Mandapbala 
m-Q 




M 



Fig. 65 



r =K cob to— 0— R cos m bo that r+R cos to=--K as (w ~Q). 
Substituting in the above, 



8K 



ft r X K oob to— 9 
K 



= $ r cob to —9 



But ft r from (1) i B 



r (K-R) 
R 



oos to— 9. Bat from the tri- 



angle of fig. 65. K = R cos Q + r cos m-Q bo that 
r oos to— 9 — K— R cos 9- Bat 9 being small cos 9 may 
be taken to be unity so that r cos to— 9 = K— R. Again 
substituting in the above 

f'(2) Now as per the formulation of 

R 

Bhaskara 



K 1 = 



R a 



R a 



R 



R 



2R-K R+R-K 1-J-R— K l- (K-R ) 

R R 

K-BV 



= r(i 

ipee J 5^ j < 1, expanding binomially, 



R 



r 
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P = B (l + ^? + fi^ 1 ) - B + K-B + ;!"!! 
-K +fcH>' ., K1 .. K .. 8K ^(K-R). aflfo R nnd 
above. 

#ote. Bhaskara, having formulated this, appeals to 
' Dhulikarma ' ie. arithmetical computation, for convin- 
cing those who may not be able to follow his logic. Here 
one may note also the wrong directive given by the 
Samsfodhaka in the text. The proof furnished by us above 
gives a mathematical veraoity to Bhaskara's formulation. 

Verse 5. To rectify the Yojanakarna or the spatial 
radius Vector. 

The above Kalakarna multiplied by the Karna given 
m Yojanas and divided by the Badius gives the rectified 
Yojanakarna. 

Comm. In the formula given above $K = BP 
which is in units of spatial minutes {on the scale of R=3^8). 
-5-* where %' is the rectified Kala-karna, and y the 
Yojanakarna given in verse 3, gives the rectified Yejana- 

toSfis^"'" 5 - The spberioai radH ° f *• 

Comm The word-' Bimba 1 is used to connote the 
spherical diameter. The diameter of Moon as giyen will 
be equal to 480x6=2400 miles in modern terms which 
is not far from truth. Once we accept that the method 
md,cated by us in the K»kshadh y5y a of chap^r I was that 
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followed by the- ancient Hindu Astronomers bo estimate 
the distanoe of the Moon, the spherical radius the hori- 
zontal parallax, the orbital radius pertaining to the Moon 
oould all be deduced and the magnitudes so deduced accord 
with their average values in modern astronomy. The 
magnitudes pertaining to the Sun however, should be 
deemed as parameters. 



Verse 6. e — 



(S-E)K, 



2 a where e = Earth'i 



diameter, * = The Sun's diameter ; Km =i Moon's dis- 
tanoe from the Earth's centre ; K* = The Sun's distance 
from the Earth's centre, and a — radius of the Earth's 
shadow cone at the lunar orbit. 



Comm. In fig. 66, let CD be the radius of the Earth's 
shadow cone at the lunar orbit. Required to find the 
magnitude of CD. Triangles PEF and ESQ- are similar 



Fig. 66 
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where DF and EG are drawn parcel to VBA 
common tangent. YDA ' 



JMUC 
009 

where a * FB =» CD required 

a = $<e - j™ (, I as formulated 2a 

being ^ what is called Bahu-Bimba or diameter of the 
Earth's shadow cone at the lunar orbit which is called 
Ku-bha Vistrfci in the verse (Ku = Earth ; Bha = Shadow • 
Vistrti = diameter). ' 

' Note (1) We shall prove that this formula aocords 
with the modern formula given for the radius of the 
shadow cone. Divide I throughout by 2 K m , so that 



But from fig. 67. a/K* = sin E = E = angular 
radios of the shadows oone expressed in radius. From fig. 68, 

= Horizontal parallax of the Moon ; ^ = sin E 

- E = angular radius of the Sun expressed in radians 
from fig. 69; and e/2K« = (from fig. 70) Horizontal 
parallax of the Sun. Thus Equation II means p = P — 
ft -f P 1 III where p » angular radius of the : shadow cone, 
P = Horizontal parallax of the Moon ; P 1 = that of the 
Sun and <r = angular radius of the Sun . 

Note (a) If we don't divide I by 2 K mj we have the 
radius of the Bhadow-oone in Yojanas, substituting the 
values of e and *, K m and K*. 

Note (3) It is worth hearing Bhaskara in his 
commentary under this verse. Observe the Sun's disc 
while rising on the day when his true motion is equal to 
his mean, with a compass composed of two rods hinged at 
one end and carrying a protraotor at the other. We get 
the mean diameter of the Sun equal to 32' - 31/' - 33'", 
Similarly, observe the Moon's diso on a fuU-mOOn-day 



when his true motion equals the mean. It #jl|~ 1» 33' w 
0" - 9'". - 

Note (4) Substituting the values of P, P* and cr in 
III p = 52'-42" + 3'-57" - 16'-16" = 40'-23" = Angula* 
radius of the shadow-oone at the lunar orbit which almost 
accords with the modern value 41'-49". 

Note (6) One may wonder as to how, taking wrong 
values for s and Ks f such a correct value could be obtained 
for P. In equation II, a, K«, e are all near the truth so 
that the terms effected are s/K and e/Ks; but both s and 
Ks being parameters sjKs comes off alright, which is the 
angular radius of the Sun's disc which could be measured. 
The only vitiating term is e/Ks whioh is the horizontal 
parallax of the Sun which was overestimated unwittingly 
by a wrong supposition as indicated in the KakshSdbyaya. 
However e/Ks comes to be 3'-57" and this overestimate is 
mitigated to some extent that the Earth has an atmos- 
phere which boost3 the angular radius of the shadow cone 
by about 1' and the remainder of the overestimate makes 
amends for the smaller value of P. taken. 

Verse 7. To convert spatial measures into ; angular 
measure. The diameters of the Sun, the Moon, and BfSti 
in Yojanas multiplied by R — 3438', and divined; 
respectively by Ks, K m and K m give their angular, measures. 

Comm. From fig. 69, ^ = sin E = E expressed 

in radians - E' = ^~ S which means' that 

the angular radius of - - Hie- Sun is got by multi^yiug s/2 
ie- the spherical radius of the Sun by R — 3438 and divid- 
ing by K^as mentioned. Similar is the case with respect 
to the other two. _ .. i- I. 

, v v,3 Jfote. ^Tfee word Kaiakarana is used to signify 'To 
convert into angular measure. '"' "~. 



Verse 8. An alternative method of obtaining the 
angular radii. 

The daily motion of the Sun increased by one- tenth 
of its value and halved, gives the angular diameter of the 
Sun. The Moon's daily motion multiplied by 3 and 
divided by 71, gives the angular diameter of the Moon. 
Or the daily motion of the Moon being decreased by 715 
and divided by 25 and the result being added to 29 gives 
the angular diameter of the Moon. 

Comm. This method gives in an easy way the true 
angular radii. The formulae given are s' = \» l (1+ T y j 

and ^ ~ 71g + 29. This may 'be eluoi' 

dated as follows. The argument used is "If the spherical 
diameter of 6522 Yojanas corresponds to a spatial daily 
motion of 11858| Yojanas, what angular diameter corres- 
ponds to the angular daily motion 8 t ?'\ The proportion- 
ality is clear and the result is 
«! X 6522 _ 26088 n 26088 . 

"ii868T " 47435 ' 0onver6lQ & 47435 . ">•<> a continued 
fraction, it is 

IT JT 4T 1? IT ^4 ' The P enultimafee convergent is 
11/20 - t (1-f-fy). The formula follows. 
Similar calculation gives m'. 

Note. The advantage of these formulae is that they 
are not only easy but also adopting the true daily motion 
we have the true angular radii. This prooedure was 
adopted by Bhaskara from Brahma gupta. The latter, how- 
ever, prescribes a nearer convergent namely 10/247 but 
17 

actually — is the nearest convergent. 

The next formula namely m' — w * + 30 is 

approximate. This may be elucidated as follows. Let the 



daily motion be 715 ; then as per the previous formula the 

angular diameter should be|j X 715 = ^ = 28^f-=39' 
o 74 74 74 

very approximately. The mean daily motion is 790 whioh 
corresponds to 32' of angular diameter. Taking advant- 
age of this arithmetical correlation namely that the excess 
of 3' over 29' corresponds to 75' of daily motion. Bhaskara 

gives the formula m' = w * ~ 715 + 29. This formula 
correctly holds good when m x = 740, for, equating 



For other values between 715 and above it holds very 
approximately. Thus, when m x = 716, m' = 28 ie. 29 
when m x = 740, m = 30, when m, = 765, m' -,31 T V 
(error 7 \) when m x = 790, m' = 32 sV (error sV) and so on. 

Verse 9. An alternative method of finding the 
angular diameter of the shadow cone. 

2 p = 2/15 m x - 5/12 a, where m x and s x are the daily 
motions of the Moon and the Sun respectively. 

Comm. In the previous verse, we had formulae to 
oompute the diameters of the discs of the Sun and Moon, 
knowing their daily motions. Since in practice we have 
these daily motions computed for every day, so the compu- 
tation based upon those daily motions conduces to ease in 
the matter of calculation. Now in this verse, the radius 
of the shadow cone is also calculated in terms of the daily 
motions of the Sun and the Moon, whioh is more an 
ingenious device adopted in praotioe. The elucidation of the 
formula depends on the following technique aj conceived 
by the Hindu astronomers. In as much as the Sun's 
sphere is (ar_.bigger than that of the Earth, the shadow of 
the Earth assumes the form of a cone. From a knowledge 
of the decrease in the diameter, as we proceed from the 



3a? x — 715 
74 26 



+ 29 — 



x + 10 
25 



x will be equal to 740. 
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San to the Earth and a knowledge of the Sun's distance, 
we oan compute similar decrease as we prooeed from the 
Earth to the lunar orbit knowing the distance of the 
Moon. Such a decrease measured in Yojanas is termed by 
Bhsskara as ' sTTCqtftsrarft ' ie. Yojanis of decrease in 
diameter. It was this concept that led to the formulation 

of 3a in Yojanas in the form 2a = e — Kw :<) f Y erse 

Kg 

6 and is indeed based upon the similarity of triangles as 
proved by us in that contact. Dividing the above equation 
by 2 Km, we have 

Dividing a t e and [s—e) thus by the distances K m and Ki is 
termed ' Kala-Karana ' ie. converting spatial distance 
into angular measure. Thus dividing a by K m is con- 
verting the radius of the shadow cone into angular measure 
at the lunar orbit ; dividing \e by K m is estimating the 
angular measure of the earth's radius as seen from the 
Moon's distance or what is the same the horizontal parallax 
of the Moon, whereas dividing \s by K* is getting the 
angular radius of the Sun's disc as seen from the Earth 
and dividing \e by Kt is getting the angular radius of the 
Earth's disc as seen from the Sun or what is the: same the 
horizontal parallax of the Sun. 

Equation I which gives a/K m the angular radius of 
the shadow cone, may also belinterpreted as follows. — — - 
— Horizontal parallax of the Moon as mentioned above 
which is equal to the angle (fig. 66) ECB, for, \e - EB ; 

K w = EC so that e/2Km =* EB/EO = sin EOB = EOB 
expressed in radian measure. Also ■■ 

, *-* SA-GA SG ... „CU ^ «^ 
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(altera** angle) - Semivertical angle of the shadow ooae 

(say 6) Now ECB - EVB - CED = angular measure 
of ODie. the angular radios of the shadow cone (expressed 
in radian measure). 

Converting i«/K* into angular measure, the propor- 
tion us«d by Bhaskara i* " It by the daily spatial motion 
of 118591 Yojanas of the Moon, we have its daily motion 
in are, wLt shall we have for e - 1681 Yojanas t" The 
result is 1581/1 1869} m v Converting the coefficient into 

, 1111 Thft 

a continued fraotion we nave _ — — ••• ^" 

penultimate convergent is T V Hence ejKm = ti »r 

Converting into aro, the proportion used is 

" If by the daily spatial motion of 11859| Yojanas, we have 
the daily motion of what shall we have for 

4941 

6522-1681 = 4941 Yojanas ?" The result is 9p 
Converting the coefficient into a continued fraction, we 
have 2!; 2? 2^ lie * The P enulbimate convergent is 
Henoe, the result is & i v 

Note (1) It might be asked whether the Hindu 
astronomers used the theory of continued fraotions. The 
answer is, they did though they did not write the con- 
tinued form in the form we do now. They arranged the 
successive quotients in a vertical line and called ^the 
oolumnasa ' Valli ' or 'creeper'. One may refer to the 
chapter in Bhaskara' s Bijagamita on 'Kuttaka' in this 
context. 

Note (2) The formula derived above to obtain tne 
Rahu-Bimba or diameter of the jhadow- cone at th e lua ajr 
orbit, is one which oould be conveniently used in practice, 
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for, as mentioned before, the daily motions of the Moon 
and the Sun are ready computed for every day. Also the 
advantage in using this formula is that besides the fact 
that we need to deal only with small quantities instead of 
the big numbers of Yojanas, the true value for the day of 
eclipse is got by using the true daily motions. Using the 
mean daily motions, however, we have for the mean 
diameter, A m, - A *i = A X 790'-35" - A X 59'-8" 
= 105 $ 25 1 = 81 very approximately. 

S — e • 

Note (3) In obtaining a convergent for , since 
the values of s and Ks are parameters s/Ks is got alright, 

w here — is more exaggerated as the value of the bori- 
Ks 

zontal solar parallax. By this term the result is increased 
to an extent of 3' out of which 1' is mitigated by the faot 
Ahat we have to take the earth's atmosphere also into 
consideration, for, that will increase the radius of the 
shadow to xfrth of its value. 

Note (4) The last line of verse (9) is " The earth's 
shadow eclipses the Moon, and the Moon eclipses the 
Sun". This statement is deliberately made by Bhaskara 
to remove the misconception in the minds of la y men who 
wrongly believe the usage of the words and 
kgm used in the calendars even today and the 
mythological puranio story associated with Rahu and Kgtu 
depicting that a serpent devours the Sun and the Moon. 
In fact the Bhadow of the earth which eclipses the Moon 
Stand the shadow of the Moon which hovers on the earth 
%u the time of a solar eclipse do resemble the tail of a 
serpent. 

Verse 10. To obtain the latitude of the Moon. 

Viksepa or Sara as it is also called ie. the latitude 
of the Moon is obtained by the formula 
A = H sin A X 270 ftn ^ ife w yj nave foe same direotion as 

48 
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the Moon with respect to the eoliptio where A is the longi- 
tude of the Moon with respeot to the nearer node and 
270' or 4£ w is taken to be the inclination of ^tbe lunar 
orbit to the ecliptic or what is the same, the maximum 
latitude of the Moon. 

Comm. The formula is evident and similar to that 
for calculating the declination of the Sun. Thus 

H a - n H sin X X H sin 4i° „ . . n . ' 
sin ft = — 2 . But since fi is small 

and also 4J°, we can take = H ain * x 27Q ' . 

R 

The argument used by Bhaskara, however, is * If by 
a H sin X equal to R, we have the maximum latitude of 
270', what shall we have for H sin X V The result is as 
given. 

Note. The modern value for i the inclination of the 
lunar orbit to the eoliptio is given to vary between 4°-68' 
and6°-18'. 

- Verse 11. The definition of the magnitude of a lunar 
eclipse, 

Sthagita or the magnitude of an eclipse is defined 
as P+r+/J where P and r are respectively the radii of 
the eclipsing and eclipsed bodies and is the latitude of 
the Moon. If the Sthagita is greater than 2r, then the 
eclipse is total. 
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m 

Comm. In figure 71, the feclipsing body is just con- 
tacting the eclipsed body. Taking the case of a lunar 
eclipse, the latitude then of the Moon is evidently P+r 
ie. 5=P+r holds good at the moment of first oon- 
tact. (C) is the oross-seotioh of the shadow-cone at the 

lunar orbit and (M) is the Moon, 
(fig. 72),CB+AM-CM = CB+AB+ 
BM-CM = AB+(CB-f-BM) -CM = 
AB+CM— CM=AB 

P+r-$=AB = Sthagita. Thus 
Sthagita gives the portion of the 
diameber of the eclipsed body whioh 
is shadowed. The eclipsed body is 
termed the Chadya, the eclipsing 
body as the Chadaka and P-p-r as 
the Manaikya-ardha ie. half the 
sum ofthe diameters of the eclipsing 
and eclipsed bodies. 




Fig. 72 



When the Sthagita exceeds the diameter of 
eclipsed body the eolipse is evidently total ie., when 
P+r-/}>9r ie. P-r>y3. 



the 



Verse 12. Duration of the eolipse and duration of 
its totality. 

Sthiti-Khanda = V(P+ r )»-ff X 60 = \ Duration of 

m i~*i ' the eclipse 

Marda-Kbanda == V(P-r) a -ffi x 60 « £ Duration of 

Wjl— Sj totality 
where P is the radius of the shadow-oone, r the radius of 
the Moon's disc, its latitude taken to be constant during 
the eclipse, m l and «, the daily motions of the Moon and 
Sun respectively. 



Comm. (1) The time between the moment of first 
contact and the middle of the eolipse or the moment of 
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opposition or conjunction as the case may be is oalled 
Spars! a- Sthiti- Khanda. 

(2) The time between the middle of the eolipse and 
the moment of last contact* is called the Moksa-Bthiti- 
Khanda. 

(3) The time between the commencement of total 
eclipse and the middle of the eclipse is called the Sammi- 
lana- Marda-Khanda. 

(4) The time between the middle of the eclipse and 
the end of total eolipse is called Unmilana-Marda-Khanda. 

The suffix Khanda meaning ' half ' is generally omit- 
ted while refering to these phases. In the above verse 
we are given formulae for Sthiti-Khanda and Marda- 
Khanda only without specifying whether they pertain to 
Sparste or Moksa. Though the same formulae serve 
for both the Spars'a phase as well as the Moksa phase 
under the supposition that ft does not vary, it will be 
noted that the Spartfa-Sthiti-Khanda will not be equal to 
Moksha-Sthiti-Khanda and that the Spaitfa-Manda- 
Khanda will not be equal to the Moksha-Marda Khanda 
in as much as 6 changes from moment to moment. 

In fig. 73, let 0! be the position of the eclipging body 
at the moment of first oontaot and C, its position at the 
moment of last contact. In the figure is shown only one 
position of the Moon's disc signifying that we may con- 
sider the motion of the eolipsing body keeping the eolipsed 
body fixed (or what is the same relative to the position of 
the eclipsed body). It is evident from the fig. that CjM v 
O g M = P+r bo that C^M O a is an Isosceles triangle. Let 
MN be the J." dropped from M on O x 0,. C, 9 is the 
ecliptic because the centre of the shadow will be. moving 
along the ecliptic, for, in fig. 66, SE the ecliptic passes 
through D the centre of the oross-seotion of the shftdow- 
eone, as well as through the vertex V of the shadow- cone. 
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MN is therefore the latitude of the Moon. Since the lati- 
tude is not the same at the moment of first contact and 
that of the last contact, tbe figure drawn doea not 
represent the true figure but only a figure drawn on tbe 
supposition that Q remains the same and C x Moves relative 
to M. From the figure CiN fl = (P+r ) 3 - $ 9 = C 9 N 8 T 

The Sthiti-Khanda defined in this verse is the time 
taken by d to reach the position N ie. the position at 
the moment of opposition, and again from the position N 
to the position 9 . The velocity of 0, relative to M is 
no o^her than the excess of the velocity of, the Moon over 
that of the Sun. (The velocity of the Earth is the relative 
velocity of the Sun with respectlto the Earth and fehig fa 
equal to the velocity of the shadow moving along the 
ecliptic). So, the time taken by O l to reaoh the position 

of N relative to the Moon is equal to 60 X ^ P + r ' 

Similarly the time taken by the centre of the ehadow iron* 
Nto C a ie. from- the £oiot of opposition to the room©** 
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of last contact has also the same formula where in each 
oase is the latitude at the moment of opposition. The 
path taken by the centre of the shadow is oalled 1 jr^tunft' 
ie. the path of the eclipsing body. The actual case when 
both and M are both moving and when fi is considered 
as a non-changing quantity is shown in fig. 74, In this 
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case, three positions are shown, (1) that at the first con- 
tact (2) that at opposition and (3) that at last oontact, 
where O,, Mi, O a , M 8 and C 8j M 8 give the positions of the 
centre of the shadow and that of the Moon's disc respe- 
ctively, both the centres being shown as moving. Since 
the Moon moves faster than C and as such overtakes 
the path of M from M, M s which synchronizes with the 
path of C from O t to Sl is shown to be longer. But, one 
may wonder, how 0, N, and C 8 N 3 represent the Spar^a- 
Stbiti-Khanda and Moksa-Sthiti-Khanda respectively. 
The distance overtaken by M with respect to C from the 
point of first contact to the point ef opposition is M x M 9 — 
0, B = Cx Ni. Hence we compute C, N, by the formula 
C» N * = (P-f r) a - S 9 . Similarly from the point of 
opposition to the point of last oontaot M overtakes G by 
the distance Ma M 8 - C, 8 — B N s = V(p4. r )a _ ^ ; 

Fig. 76 shows the situation when changes as is the 
actuality. When the opposition takes place after the 
Moon crosses the node, then #, > & > &, whereas if 
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the opposition precedes the Moon's position at the node 
fis < /Ja < Also, when ft changes, M, M 9 does not 
exceed O t C fl exactly by Ci Ni. So, on both the conntB, 
the formulae, given in verse 12 are approximate. What 
is done in practice is that ft is computed for the moment 
of opposition and estimating the Spar^a-Stihiti-khanda by 
the formula given above, and subtracting it from the time 
of opposition the moment of first contact is got. Then f$ is 
computed for that time and again the formula is applied 
to get the fifpars'a Sthiti-Khanda. Repeating the process, 
we rectify the Sparse Stbiti-Khanda. Even then, we do 
not have the actual value of the Spars'a-Sthiti-Kbanda, 
because M, M 3 does not exceed Ci C fl exactly by Ci N». 

A more correct procedure would be to compute the 
time between the moment of first contact and the moment 
of opposition and by that time, to compute the length of 

Mi M a and take m ' [&^ M.in the place of to' and use the 

formula of verse 12. » This nicety, however, need not Tbe 
attended to with respect to the duration of totality, for, 
it does not make much difference. 

Another way of obtaining a better value for T, the 
Sparste-Sthiti-Khanda is to take average values for fl, an4 
fit, »»! and m t , s i and s a where m t and m a are the values of 
the Moon's daily motion and n and « a are those, of it t^»e 
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Ban's at the point of first contact and the moment of con- 
junction respectively. 

We may also use calculus to obtain §T, the variation 
in time for a variation of in and a variation of 
§mi in mi ignoring the small variation in Si, as follows. 

T , , (P +r) fl -l» 
j mi — 81 

2T $T = X -2/3 S/3-P+r a - /? a gw. 

The first term on the Bight hand side gives the variation 
for 1^8 and the seoond for Jm,. 

Fig. 76 shows the case of totality. 
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Mi M.« N 2 0, 4- 0, C, .*. The Moon has to over- 
take C from the moment of the beginning of totality to 
the moment of opposition by the distance Nr with % 
relative velocity of m,— «j. Hence the time of Sammilana- 
Marda-Khanda is equal to 

JC,M, 9 -l 9 X60 _ N/(B~r) a -/3 8 6X0 
wii ~ 81 mi — 81 

m given, taking to be oonstant. Similarly the Un- 
tmlana-Marda-Khanda from the position (MgCg) to the 
position (M 8 C,) will also be the same, taking £ $0 fee 
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Rectification of this time, whan is considered as 
varying will proceed on the same lines as before, 

V&r$e 13. Rectification of Ihe times of Sparsfe-Sthiti- 
Ehanda and Msksha-Sthiti-Khanda. . 

From the position of the Moon and that of the Node 
obtained for the moment of opposition, have to be com- 
puted their positions for the moment of first contact and 

those for the moment of last contact. r For this, ■ Q. 

z - 60 

is to be subtracted and added respectively to the positions 
at the moment of opposition of the Moon and Node, where 
T is the time of the Sparsfa-Sthiti-Khanda, and v the daily 
motion (of the Moon or the Node as the oasa'-may be). 
From these positions has to be computed for the moment 
oj first contact and that of last contact, and from this ft 
the time of Sparste-Sthiti-Khanda and Moksha-Sthiti- 
Khanda have to be rectified by the method of successive 
approximation. 

. Comm. From fig. 75, O t N, and O g N ( are the dist- 
ances gained by the Moon over the centre of the shadow 
so that to get their correct values & and /3 S are to be used 
and not Hence 0, and 0, are to be computed using T 
the time of Sparste-Sthiti-Khanda and that of the Moksha- 
Stbiti-Khanda which are taken to be equal in the first 
instance. Since T is the time taken as a first approxi- 
mation, fi u /J, are also approximate in the first instance. 
l?rom these it 'fi m T is to be rectified and in this reotifi- 
oation, We have Ti and Tg differing, as the times of Spars'a- 
Sfchiti-Khanda and Moksha-Sthiti Khanda. From these 
rectified times again /3„ /?, are further to he rectified and 
from them again T„ T, are to be further rectified. This 
procedure is to be continued till oonstant values ' are 
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Not*, T, will be lew than or greater than % aoeord- 

ing as J fa* 

Verse 14. Beatification of the SammSlana-Marda- 
Khanda and Unmilana-M arda-Khanda. 

Proceeding on the same lines as above and obtaining 
0, and /3 4 the rectified latitudes ol the Moon for the 
moments of the commencement and end of totality of the 
eclipse, the Sammilana-Marda-Khanda and Unmllana- 
Marda-Khanda, T, and T i are to be reotified. 

Note. We have the formula sin - sin Jtsin i Bp 
that by differentiating, we have oos — cos k^X X sin * 
. g « ^ Bin i oos X A* 

** OP COB/3 

This formula gives in one stroke the rectified latitudes 
of the Moon at the respective moments from whioh the 
respective reotified times could be got. 

Verse 15 and the first half of verse 16. The definition 
of Bhuja and tye method of finding it at an intermediate 
point of time. 

The word * Ista * is used to connote 4 At any given 
time'. The word 4 Sparsrtka-Ista V means ' At a given 
time after the moment of first contact*; similarly the 
word 1 Mauksika Ista ' means ' At a given time before 
the moment of last contact*. (T— t) where 
( Wt _ Sl ) i B in degrees (m, and *t of oourse Jbeipg expressed 
in minutes); T stands for the Sthiti-Khanda (Sparsfikft 
or Mauksika) and t stands for the Ista (Sparsfifca or 
Mauksika) gives the Bhuja. Similarly with respect to 
obtaining the Mar da- Bhuja. (The former is called Sthiti- 
Bhuja). 

Comm. In fig. 77, let and M be the centres of the 
Bah a (cross- section of the shadow-cone at the lunar orbit) 
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Pig. 77 

and the Moon respectively ; let MN be the perpendicular 
from M on the GrShaka-marga or the path of the eclipsing 
body (ie. the ecliptic). Then CN is oalled the Bhuja at 
the time. 

At the moment of first contact, the value of ON is 

W (P-H-)*— fl* * D6ge ft ig tbe lati,iud0 oi febe Moon ati b ^ at 
moment. At any subsequent moment, from fig, 77, ON 

is equal to ^{P+r-AB)^' a ™*«™ t is the latitude afc 
the subsequent moment and AB the portion of the radius 
of the eclipsed body shaded. Hence we could obtain the 
Bhuja at any subsequent moment, by oomputmg the 
latitude at that moment And the vahieof AB. But AB 
oonld be computed only by knowledge of ON and ^ Hew 



the necessity for knowing the value of ON at any subse- 
quent moment arises. 0, of coarse, could be computed, 
knowing the hourly variation of /?, which in its tarn ooald 
be known, by a knowledge of the hourly variation in X t the 
longitude of the Sapatachandra. 

The magnitude of ON is calculated by the rule of 
three ** If by the Sparsfa-Sthiti-Khanda we have initially 
the initial value of CN, what shall we have for (T -t) ?" 

The result is (T ~^ X 0N where ON is the initial value 

of ON and T the Sparsfa-Sthiti-Khanda. Substituting the 
values of ON and T from verse 12, where 

ON = V flH-rrW and T = ^ X 60 

we have the required Bhuja as 

*■ (T—t) (mi— si) degrees as given. 

Similarly we could find the Bhuja with respeot to 
' totality ' ie. the ' Marda- Bhuja 1 as it is called. 

Note. One might mistake M, M, of fig. 74 (Mi per- 
framing to a subsequent moment) to be the Bhuja defined 
above, which is the join of the centre of the eclipsing body 
and the foot of the latitude at the middle of the eclipse. 
That is why Bhaskara uses the word ' Madhya-S'aragra- 
Ohihna ' in the commentary, meaning thereby not the 
foot of the actual latitude at the middle of the eclipse but 
.only the point N of fig. 77 which ' signifies ' it. / • 

Second half of ver$e 16 and first half of verse 17. 

Taking the latitude of the Moon at a given time as 
Ksti, and Bhuja as the Bhuja of the moment defined 
■ above, we have the Kaeoa of |he moment as V Bhuja" -h/SP ; 
'R+r-^JEarna gives the Grasa at the moment. : ?, * 



Comm. The word 'Grasa' at the moment 'stands 
for AB of fig. 77, Karna for CM, where CN is the Bhaja 
and MN is the K5ti. The 1 Graaa * at the moment of 
opposition has the special name Sthagita. 

Second half of verse 17 and verse 18. 

, To obtain the time after the moment of first contact 
knowing 1 Grasa * at the moment. 

T _V(P+r -Orgeat = t thifl k tQ to 

by obtaining the /3 of the moment and again finding t and 
repeating the process till an invariable magnitude is got. 

Comm. This is the converse of finding the Grasa 
given the time. The method of rectification is also 
evident. In the above equation considering and t as 
variables) and differenting, 

*t = IX-M = — $6$ - 

2 (mi-*,) V(P4. y _^)»_^ (T-*) (»,-#,)« 

~ Knowing ^ oould be got without taking recourse 
to the method of successive approximations. 

Verse 19. Certain definitions. 

The 4 Middle of the eclipse ' (or strictly speaking the 
moment when the portion eclipsed is a maximum) ooours 
at the moment of opposition. Sparta or Pragraha is at 
the moment of first contact and Moksa is at the moment 
of last contact, separated from the moment of the middle 
of the eclipse by times equal to Spartfa-Sthiti-Khanda and 
Moksa-Sthiti-Khanda respectively before and after. 
Similarly Sammilana and Unmilana or the moment of 
the commencement of totality and the end thereof occur 
before and after the moment of ' the middle of the eolipse ' 
by times equal to Sammilana-Marda-Khanda and Un- 
milana- Marda- Khanda respectively. 
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Comm. Clear. 

Verse 20. To get what is called the Valana. 

The hour-angle of the eclipsed body expressed in 
nadis, multiplied by 90 and divided by half the duration 
of night (if it be lunar eclipse) or half the duration of day 
(if it be solar) as the ease may be will give the degrees of 
an angle, whose H sine being multiplied by the H sine of 
the latitude and divided by (H cos ft, (where $ is the decli- 
nation of the eclipsed body), gives the H sine of what is 
oalled Aksavalana which is north when the hour angle 
is east, and south otherwise. 

Comm. This subject of Valana requires a detailed 
treatment as is given in the Goladhyaya by Bhaskara, 
Here only a practical formula is given to proceed with 
the computation. For an understanding of this formula 
we have to neoessarily draw upon the treatment in 
Goladhyaya, 

The word * Vaiana 5 means 'deflection'. The problem 
posed is at what point of the disc of the eclipsed body does 
the eclipse begin and at what points it ends. Since an 
observer sees the disc of the eclipsed body on the back- 
ground of the spherical surface of the sky, the specification 
of the point of first contact must neeessarily be made with 
respect to east, west, north and south. These directions 
could be specified with respect great circles drawn second- 
ary to the prime-vertical. But the Earth's shadow moves 
along the ecliptic and the Moon is also very nearly 
moving on the eoliptic at the moment of an eclipse. Thus 
' Valana * should give the angle between the ecliptic and 
the prime- vertical ; rather it should be described by two 
diameters of the Moon's disc, one a secondary to the 
prime-vertical and one a secondary to the eoliptic. In 
o$ber worsls we have to get the angle subtended at the 
centre of the Moon's diso between those diameters. 
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This angle between the two diameters mentioned, ie, 

lor convenience divided into two parts namely KMP and 

PMN, where K, P, and N are the poles of the ecliptic, 
celestial equator and the prime-vertical and M is the oentre 

✓\ 

of the Moon's disc. KMP is oalled Ayana Valana, so 
oalled because it depends upon the obliquity of the ecliptic 
to the Equator (3?wrt: tftsi ie. the deflection due 

to the deflection of the solstioial points from the equator) 

whereas the angle PMN is called Aksa Valana ie. defle- 
ction of a secondary to the prime-vertical namely NM 
with respect to a secondary to the celestial equator namely 
PM which is due to Aksa or latitude of the place. 

We shall first treat the subject on modern lines and 
then depict Bhaskara's treatment. Let e, £, n stand 
respectively for the Ayana, Aska and total Valanas 

respectively, where by ' total Valana ' we mean KMN 
which is the algebraic sum of KMP and PMN. 
From the spherical triangle KMP fig. 78. 
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Sin 90-f a ^ sin e sin (90—^ ) 
Sin (90 -0) " sin a> sin (9a— & ) 



Sin $ 



sin <u oos ^ „ sin w oos a 

— or 



oos 5 



cos 



Similarly from fig. 79, where 
P= celestial pole, N= North- 
point, M=oentre of the Moon's 
disc, Q— latitude of the place, 
h= hour- angle of the Moon, 
£=Aksha Valana and z=Aro 
of the prime-vertical inter- 
cepted between the zenith 
and the foot of the secondary 
to the prime-yertioal drawn 
through M, which arc goes by 
the name Sama-Vritta-Natam, 
sa or zenith-distance measured along the prime- vertical- 
s—distance of M from the prime-vertioal measured along 
the above secondary, 

Sin | _ sin (180 -h) _ sin z 
Sin p 




sin (90-/*) sin (90— <s) 
_ ain <p sin z 



Sin | = siD y BiD h 
oos /* 
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In fig. 80, where (M) is the Moon's disc, AB, the 
diameter of the disc extending along the eoliptio (assuming 
the Moon's centre almost on the eoliptio, whioh is the 
oase at the time of an eolipse), K, P, N respectively the 
pole of the ecliptic, the celestial pole and the north point 
and 6, | the Ay ana and Aksa Valanas defined above, the 
eolipse starts at A, the eastern side of AB, called the 
Kranti-Vritta-Praehi, AB being perpendicular to EF a 
diameter of the disc secondary to the ecliptic. An observer 
with his physical eye construes the diameter CD, whioh 
is secondary to the prime-vertioal aB indicating north and 
south. Naturally therefore, it is required to specify the 
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Fig. 80 

location of A, the point of first contact, with respect to 
the diameters GH and CD, which are respectively East- 
West and North-South. Suppose e+| = 45°=GMA, then 
we say that the eclipse begins at the north-point of the 
disc and so on. For this purpose, the concept of Valana 

arose. We have said above that the angle KMN^GMA 
is to be got, and that it is the algebraic sum of e and |, 
meaning thereby that when K comes in between P and N, 
or below N, which is also likely for places of latitude less 
48 
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tban *»» obliquity of the eoliptio, KMN will be tqutl 
to t— q and 5— { respectively. 

The formula given in the present verse is 

* = HsuWh sin ^x|L!i°i) 
V D/2 H oos $/ 

or H sin * = H sin X H gin <* 

VD/2/ H oos S 

where A and D/2 are measured in nsdis, h being the honr 
angle of the Moon and D/2 half-the duration of the 
Moon's stay above the horizon. 

Evidently the formula is intended as an approximate 
one, for all practical purposes considered equivalent to 
formula II given above namely 

sin | - sin <* BiDZ or H sin I = H sin H sip « 
cos a Hcos$ 

Thus in the place of z we are given $Qj} w hioh means 

" when z= 90°, D/2 is the hour angle measured in nSdis, 
what is z when the hour angle is hV\ The answer is 
^X90 wu . , . . 

-jjy^- . Ihis formula is approximate because h and i are 

not strictly in proportion though h increases or deoreases 
along with z. 

Nonetheless, the formula serves for practical purposes 
very approximately and the beauty lies in the ooncept of 
Sanaa- Vritta-Natamsfa, which means measuring hour- 
angle in terms of the arc of the prime-vertical instead of 
an arc of the celestial equator. The error, it will be noted 
will not be much in low latitudes. 

So far with respect to the commentary on the present 
verse. Now we shall see how Bhaskara tackles the pro- 
blem rigorously in GoladhySya. under the caption Valana 
Vasana ' ie. * concept of Valana '. 
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We defined above that the angle KMP is Syana 

Valana and the angle PMN as the Akaa-Valana. These 
are respectively called Bimbiya-Xyana Valana and 
Bimbiya-Aksa-Valana being subtended at M, the centre 
of the Bimba ie. the disc of the Moon. If in fig. 78, T be 
the foot of the celeatial latitude of the Moon, then the 

respective angles KTP and PTN are oalled the Sthanlya- 
Ayana- Valana and the Sthanlya-Aksa- Valana ie. the 
angles subtended at the Sthana or the construed position 
of the Moon on the eoliptio. 

The Ayana- Valana is zero and a minimum when 
M or T lies at the solstioea, and a maximum equal to at 
when those points lie at r or *. Similarly the Aksa- 
Valana is a minimum equal to zero when M or T lies on 
the meridian and a maximum equal to <4 when those 
points lie at the east or west points. In other words the 
Ayana- Valana increases from zero to o> as M or T moves 
along the ecliptic from a solstice to an equinoctial point ; 
and the Aksa-Valana increases from zero to the maxi- 
mum value of <4 as M or T moves along zE or zo» from z 
the zenith to E or to along the prime- vertioal. Hence 
Ayana Valana is perceived to be proportional to 
H sin (90+a) where X is the longitude of M or T, since 
when X = 90, H sin (90 -f 90) = and when X = 0, 
Hsin (90+90) = and when A = 0, H sin (90+0)= R, a 
maximum ; similarly the Aksa- Valana is perceived to 
be proportional to H sin z where z is the Sama-Vritta- 
Natamafa defined before, since, when z = 0, M or T is at 
the zenith and the Aksa Valana is zero and when M or T 
is at the Bast or WeBt point, z = 90° and H sin z=R, a 
maximum. 

It is worth-hearing Bh3skara, at this junoture (Ref. 
verses 30-74 under the caption Valana Vasana pages 306- 
306. foxands&rama edition of Goladhyaya Vol. 2, Poona). 
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" The north and the south with respeot to the Equator 
and Eoliptio (ie. the north-pole and south-pole) are differ- 
ent at the points rand ^, being at a distance of eo from 
eaoh other. Henee the Ayana Valanajya at those points 
is equal to H sin 24° (a taken to be equal to 24°). But at 
the solstices, the north and south will be the same (mean- 
ing thereby that the angle subtended by PK at the solstices 
is zero, or what is the same, the directions to the respective 
poles (of the Equator and the Ecliptic) at the solstitial 
points are the same so that the East will be the same for 
both the circles at those points. Thus there is no Valana 
at the solstices ie. P^K = Q where G— cancer. In between 
r and the Valana is found in proportion to 
H sin (90+*) where X is the longitude of the point and 
m inverse proportion to H cos & where g is the decli- 
nation. Hence H sin Q = H^J90+i) x R ^ 

xl cos c 

is the Xyana Valana. Similarly at the points of inter- 
section of the Equator and prime-vertical namely E and», 
the Unmandala (the Equatorial horizon) decides the 
north-south direction with respect to the Equator, whereas 
the horizon decides the same with respect- to the prime- 
vertical. These north-south directions with respect to 
those two great circles namely the Equator and the prime- 
vertical differ by the angle between the Unmandala and 
the horizon which is equal PN=<i, the latitude of the 
plaoe. Hence at the East and West points the Aksa 
Valanajya or the H sine of Aksa- Valana is equal to 
Hsin^, But at the zenith, the north-south directions 
of the Equator and prime-vertical coincide so that there 
is no Aksa Valana at the aenith, Thus H sine of the 
Valana is proportional to H sin <£ in between the points ; 
on the prime- vertical between the zenith and the East and 
West points. (Roughly speaking) H sin f 
H sin 6 H sin z . ' _, 

H cosg where Ak§a Valana, z = Sama-Vritta* 
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Natams'a (defined before) and H Bin z may be token bo bar 
roughly equal to (as depioted before). 

In the Bast the Aksa Valana is north, for in fig. 80 

GMI which gives the East of the Equator with respect to the 
the East of the prime vertical, is north ; whereas in the 

West HMJ is south. (The definition of the direction-' of 
the Valana is given as a directive to add the two kinds of 
Valanas if they be of the same direction otherwise to take 

the difference; in the fig. 80, the Syana Valana ie. IMA 

s\ y\ /\ . 

is also north, so that adding GMI + IMA = GMA is the 
Sphuta Valana or the actual Valana). Hence Sphuta 
Valana measured by GMA is had by the sum or difference 

of the two angles GMI and IMA whioh define respectively 
the Syana and the Aksa Valanas. 

Similarly, at the point of intersection of the Ecliptic 
and the prime- vertical, the Sphuta Valana is a maximum 
which is the sum or difference of the Valanas as the case 
may be. At points removed 90° on either side, from the 
point of intersection of the Eoliptio and the prime vertical 
inasmuch as the north-south directions with respect to 
the Ecliptio and the prime-vertical coincide, the Sphuta 
Valana is zero. 

If (as Lallacharya -sai<!) the Valana -varies as the 
Hversine at those points which are removed by 90° from 
the points of intersection of the Eoliptio and the prime- 
vertical - the Sphuta Valana will not be zero (whioh is 
against common sense). Hence the Valana jya varies as 
Hsine and not as Hversine, 

We shall look at the subject from another point of 
view for the sake of clarity... . ..;...Fix a oirole on the sphere ' 

with the celestial pole as centre and « as the angular 
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radius. This oirole is called Kadamba-Bhrama- Vritta or 
the circle in which the polo of the Ecliptic revolves round 
P (due to diurnal revolution of the Earth). In that circle 

Hsine of an angle will be H sin ft Or again draw the 

great circle with the planet's position as the pole oalled 
the horizon of the planet. The arc intercepted on this 
circle between the Ecliptic and the celestial Equator will 
be Ayana Valana and that intercepted between the oelestial 
Equator and the horizon is the Aksa Valana ; and the 
arc intercepted between the Ecliptic and the horizon is the 
Sphnta Valana. 

Or again draw a circle with K as centre and radius 
<u = 24. This oirole is called the Jina- Vritta where the 
word Jina means 24. Let a secondary to the Ecliptic 
passing through K and K' the poles of the Ecliptic revolve 
with KK' as fixed. When this revolving circle passes 
through Cancer (Sayana) it will be pasaing through P 
The angle turned through by this circle from Cancer will 
be equal to the angle turned through from P. The Hsine 
of that angle in the Jina Vritta will be H sin & of a 
longitude equal to that angle. This is the Ayana Valana 
and it arises at the end of Dyujya, since the north-polar 
distance of the planet is (90-g) whoes Hsine is Dyujya 
le. H cos The corresponding Ayana Valana in a oirole 
of radius R is got by multiplying by R and divided bv 
H cos J 

vnr^u ^^BhtokWB mind. (Ref. fig. 81) Let 
FBD be the Jina Vritta drawn on the sphere with K the 
pole of ehe Eoiiptio as centre and *>=24° as radius *Let 
a revolving secondary to the Eoiiptio coincide initially 
with K^where^is Cancer. Let it occupy subsequently 
the position KM where M is the centre of the Moon 's disc 
taken to be on the Ecliptic as is the case very approxi- 
mately at the moment of an eclipse. Now the Ayana 
Valana is the angle KMP. Let MA be the declination of 
M, Produce MP to L such thai MK-=ML=90°. Hence 
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Pig. 81 



PL since PA = 90° and LM = 90°. The Syana Valana 

KMP is measured by the are ML whore ML is an arc of 
the Grahaksitija or the horizon of the planet M (ie. the 
circle with M as centre and 90° as radius drawn on the 
sphere or what is the same the great circle whose pole is 
M). PB is an arc of the small cirole parallel to KL which 
is an arc of a great circle. Then in the Jina Vritta 

sin PB = m« PKXain PKB=sin « sin (90->t)=sin w cos X 
sin KL = sin « cos */oos PL = Bin " °° B * - 8 i n pU K 
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Here sin a> oob a is oalled 8a-thribha-graha-ja*kranti or 
the declination of a point whose longitude is 90+4 where A 
is the longitude oi M. As we have the formula sin £ = 
ain « sin A, sine of the deolination of suoh a point is equal 
to ain « sin (90+*)= Bin <•» cos X. When g is very small 
sin PMK may be taken to be sin » oos X or what is the 
same Sa-thribha-graba-ja-kranti as is formulated by Surya- 
aiddhanta. 

It may be doubted how sin PB=sin PK sin 90^3, 
(Ref. fig. 82). Let K' be the centre of the oirole PBD, 



K' being in the plane of PBD. K'P and K'B are radii 
of this circle. Since the arc PB stands for 90— X PK'B - 
90—;*. Draw the H sine of arc PB, which is PB'. Now 
K'P=H sin as PK' is J- ar drawn on OK 
PB'=PK' sin PK'B 




P 



Fig. 82 



=H sin to X sin PK'B - 



H sin co X H sin PK'B ^ 
R 

H sin to H cos X 
R 



H sin KL = 



H sin co H oos X 
R 



X H oos $ = 



H sin co H oos x 
Hoos£ 



as given. 
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Fig. 83 

Note 1. Bhaskara says PB' (fig. 82) is Kranti-Sinjanl ; so 

it is because PB'=PK' sin (90 -X) = H rin °J* 003 A 

rv 

— H sine of the declination of a point whose longitude is 
90+A = Satribha-grahaja-kranti as is mentioned by 
Bhaskara and Suryasiddbanta. 

Note 2. If M be the centre of the Moon's disc and 
ABC its horizon defined above, the arc AB intercepted 
between the Ecliptic and the Equator is Ayana Valana, the 
arc BO intercepted between the Equator and the prime- 
vertical is Aksa Valana and the arc AC intercepted 
between the Eoliptio and the prime-vertical is Sphuta- 
Yalana. 

Note 3. The analysis of 5ksa Valana proceeds on 
similar lines, only we have P and N in the plaoe of K 
and P. 

Note 4. The mistake of Lallaoharya alluded to by 
Bhaskara is as follows. The Ayana Valana, we have seen 
is zero at the Ayanas ie. the solstioes and maximum at 
r and » ie. the equinootial points removed by 90° from 
the Ayanas. Now Hversine = R— H oosine so that when 
90-A=0 ie. A==90°, Hversine (90=a) = R-Hcos (90-a) 
=~R-Hsin 90° *= R-R«=0 and when 90-A=90° ie. 

49 
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*=0 Hversin (90 -a) = K-H cos (90— a) = B— H Bin A 
= R-H sin 0° — R -0=R, Henoe Lallacharya took by 
mistake that the Ayana Valana varies as Hvers (90-a) 
instead of H sin (90 —a) since both Hversine and Heine 
of M>-* are zero at the Ayanas and maximum at r and 
The same mistake was committed by Lallacharya in the 
context of the Moon's phase also as criticised by Bhaskara 
as we shall see later. In fact, this latter criticism is not 
so justified as the former, as will be shown in that context. 

Note 5 If ! instead of taking the Ayana Valana to 
vary as H sin (90 -a) we happen to take according to 
Lallacharya that it varies as Hversine, then in places (Ref 
verses 88 89 Valana Vasana, Goladbyaya) removed by 
90 from the points of intersection of the Ecliptic and 
the prime-vertical, where there should be no Sphuta- 
Valana we do get that there is some Sphuta Valana there 
since the value of Hversine differs from Hsine, though 
these two functions happen to be zero simultaneously and 
maximum simultaneously. 



Bhaskara_continue3 in verpes 66-68 (Ibid) " I shall 
now depict Aksa Valana by means of the hour-anele 
Take the sum or difference of S'anku-Agra and S'anku-tala 
according a8 they are of the same direction or not ; compute 
N/h, a -£ 3 where B is the result; then ^IRj^jiuh 
is equal to H sin k where £ is the Xksa Valana 

Comm. We saw before in the Trim-.w 
A=S+B where A=<yanku Z s S-£l f?™* 

Sanku-bbuja = H ein u whmf J. ~ J?anku - tala > and B = 
xj ,■ • a 8ln C "nere p is represented in fia 70 
Hence ^ B - = H cos , so that the above fori 
Hsin { = Hem^XH ain h ....... 8 " 

H oos ji whl0b la the same aa got by 
the modern formula in Equation II. 
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Note. A small eirole parallel to the prime-vertical 
is called Upa-Vrbta. Also secondaries drawn to the 
Ecliptic, Equator and the prime- vertical are called 
Kadamba-Subra, Dhruva-Subra and Sama-Sutra. They are 
also called occasionally as Kadamba-prota^Vjbta, Dhruva- 
prota-Vrtta, and Sama-prota-Vrtta. 

Bhaskara proceeds to find the Ayana Valaua in a very 
ingenious way in verses 69-74. We shall first give it a 
modern treatment so that we may better appreciate his 
genius. Leb (S) be the Sun's disc. (It does not matter 
whether we take the Sun or the Moon). EQ is its diameter 
along the diurnal cirole, and CL along the Ecliptic. LM 
is the difference of the declination of L and S. Let 
SL=a4 and LM = Ad. We have 

sin $ == sin X sin a ; 

differentiating cos ft a<5 — sin <»> cos XAX 

. . sin tu oos X . , ^ « , 7 . 

. . a<5 = ~ X aX \ put AX = b. the angular 

C03 g 

radius of the disc 

A5 „ ^ X sin co cos X _ b H sin & X H cos X 
oos 8 R X H cos ft 

This gives the VaJana in the dieo of radius b. If that 
be so, what will it be on the sphere of radius R ? The result 
i 9 H sin co X H cos X x R H sin co X H oos A 

R X fl cos ft b H cos ft 

as got before. 

Let us hear Bhaskara, 44 pub the disc of the Sun at 
the point of intersection of the Ecliptic and the diurnal 
circle. The Valana (LM of fig. 84) at the periphery of 
the disc is the difference of the declinations of L and S. 
To get the value of this let us first get the value. SL in 

term§ of a, the longitude of S. It is 5->L5 ; 8 o that LM 




Fig. 84 



will be equal to 



b X B H sin 



where B is the Bhogya- 



225 R 

khanda of \, To obtain the value of the above for a oirole 
of radius R from a circle of radius b, we have to multiply 
by R/6. So, the result is 

B H sin « 



b X B v Hsinw v R 
~225~ X ~~BT X b 



225 



But the value of B 



is got as follows. ' If for H cos X equal to R we have the 
first Bhogyakhanda equal to 225, what shall we have for 

225 X H cos X 



H cos A ?' The result is 



R 



Substituting for 



B we have • HBin 63 y 225 X H cos X _ H sin <a X H oos k 
225 R R 

Now, on account of declination, the Sun's disc is inclined 
like an umbrella. So LM of fig. 84 will take a position 
like L'M as shown in fig. 85 where the triangle MLL' is 
similar to SMO, S being the centre of the Sun's disc, 
the centre of the sphere. Hence 



L'M 
LM 



R 



H cos S 
H sin f> X H cos X 

H 008 $ 



L'M = 



R 



H cos g 
a* got before '. 



X 



H sin to H oos x 
R 



Comm. Bhaskara terms SL as the Dorjyantara ' or 

the variation in H sin a, which he knows to H cos AAA- 

E 





Fig. 85 



But proceeding from first prinoipies, as he always does, 
he asks us to consider the Bhogyakhanda at X namely B. 
If this be for an interval of 225', what will be it be for '&'? 
b X B 

The result is . Then to rectify B, the proportion 

used is as used above, Bhaskara says many a time that 
the variation in Hsine is proportional to Hcosine. This 
ooncept he might have derived by looking at the Hsine 
table of 90 Hsines. Hence the argument advanced by him 
toreotifyBis 'If for Hcosine equal to B (at zero- value 
of the argument) the initial Bhogyakhanda is 225, what 
will it be for an arbitary H cos A ? The result is 

H °° S A X 225. Substituting this for B in the above, we 

, b H cos A w n k e b H cos A . 
have - — — X 225 = — . This expression we 



225 

perceive as no other than 



E 

H cos AAA 
E 



as equal to a (H sin a), 



for b is to be taken as a A, This H 006 * X - 5 is called bv 

R J 

Bhaskara as DorjySntara meaning thereby a (H sin a). 
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Then the next argument is 1 If for Hsin A equal bo R we 
have the deolination equal to H sin <o, what shall we have 
for the above Dorjyantara. The result is 

Hainci v Hcoba X 6. „. . . . 

|j A ^ binoe this is in modern terms 

sin (o oos A X b and b = a A, we perceive that this expres- 
sion is a (H sin $) where $ stands for LM of fig. 84, ie. 
the difference of the declinations of the points S and L of 
the diso of fig. 84. The next argument advanced by 
Bhaskara, namely that on account of declination, the disc 
is slanted and LM gets thereby enlarged into L'M of 
fig. 84 and adduces proportionality from fig. 86. But this 
argument eeems to be faulty. In fact, the magnitude of 
LM is got for the diurnal circle of radius H cos To 
get its value for radius R, the result would be 
Hein_a> H oos A X b x R = j^He in a> H cos A 
R 2 H cos £ R. H cos~$ ' 

Then the argument is 'If in the disc of radius 6, we have 
A6 equal to the above what will it be for radius R ? The 

result would be H sia " H 008 A 
H cos £ 



Note. Our argument is based on the idea that lines 
of the small circle namely the diurnal oircle get enlarged 
for a circle of radius R in the porportion R: H oos 
Bhaskara's concept of enlargement on aooount of slanting 
does not seem to be plausible because, on acoount of deoli- 
nation, the disc may occupy an overhead position when 
the Equator is itself inclined. Thus slanting does not 
arise out of declination. 



The question might be asked as to how Bhaskara got 
the right answer by such au argument. He got the answer 
up hie Bleeves through the other methods he gave and he 
adduced this argument to get at that answer. 
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Second half of verse 21 and first half of verse 22. 

H cos A X H si n a> „ . A , 

Hcog g H sin where 9 is the Ayana Valana 

The direction of this Valana is that of the hemisphere 
north or south in which the Moon lies. 

Comm. This is the formula we have already derived 
Regarding the direotion of the Ayana Valana, the conven- 
tion is that it is to be considered north, if the Moon be in 
the northern hemisphere, otherwise south, The reason is 
that at the time of a lunar eclipse, the Moon being in opposi- 
tion, if he be north, the Sun will be south of the Equator 
and fhe line BA of fig, 80 representing the Ecliptic which 
is roughly the join of the Sun and the Moon will be north 
of the line JI which is parallel to the equator. Thus the 
direction of the angle IMA gives the direotion of the 
Ayana Valana. 

Latter half of verse 22 and verse 23. Sphuta Valana. 

The Heine of the sum or difference of the two Vaianas 
according as they are of the same or opposite directions, 
multiplied by the sum of the angular radii of the Moon 
and Rahu, and divided by the radius gives the Hsine of 
the Sphuta Valana. Those who said that the Valana is 
proportional to the Hversine, do net know spherical 
geometry properly. 



Comm. The direction of the Aksa Valana, was defined 
m verse 20 that it is north if the hour angle is east, other- 
wise south. The meaning of this convention is that the 
diameter of the Moon's disc parallel to the Equator when 
the hour angle is East, is north of the diameter whioh is 
parallel to the prime-vertical. Thus combining the two 
conventions regarding the directions of the Vaianas, it is 
dear that if both the Vaianas are north, the line MI is 
north of MG, and MA is north of MI (fig, 80) so that the 
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Sphuta Valana unequal to the sum of the anglei GMI and 

IMA. Suppose MA is south of MI either falling within 
the angle GMI or south of MG, then clearly the Sphntr 

^ y\ s\ 



Valana GMa = GMI - AMI or AMI - GMI as the case 
may be, which » obtained as the difference of the two 

H s ln GMI mulhphed by (P +r ) anil divided by R gives 
Heme of the S p huta_Valana to be represented in a ci I 
of rad.us equal to P+, This latter convention of rep es! 
ent.ng the Sphuta Valana in a circle of radius P+7 is Tnlv 
a convention. The expression y 
BUin (Sphuta Valana) X P+r 

E~ - gives us BN of fig. 87, 

where GMA is Sphuta Valana. In other words, we are 
to draw fig. 87 to show the point of first contact namely 
A «n reI»t,on to MG the line parallel to the prime-vertical 




Fig, &7 
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Verse 24. Conversion of liptas into what are called 
Angulas. 

H cos z of the eclipsed body at the moment of eclipse 
being divided by the radiuB and the result being added to 
2| gives the number of liptas per angula. The time 
elapsed after the rise of the body being divided by the 
rising hour angle (both being expressed in the same units of 
time) and the result being added to 2£ also gives the same. 

Comm. While a parilekha or a geometrical drawing 
of the eclipse is attempted at, the problem arises as to 
how many liptas or minutes of arc giving the measure of 
the disc are to be taken to be equivalent to one angula. 
For example, suppose the diameter of the disc is 30'. With 
what radius shall we draw the diso on a board or paper ? 
In this behalf, a convention based on observations is being 
mentioned. The discs of the Sun and the Moon are 
observed to be big at rise and small when they are on the 
meridian. So, taking the measure of the diso to be 30' 
for example, if the eclipse takes place at the rise of the 
disc, it is laid down to draw the disc with a radius of 15/2£ 
ie. 6 angulas at the rate of 2} liptas per angula. {The 
word angula here mentioned might not be what we take 
it to be today in our daily parlance as one inch. The 
gnomon or S'anku was taken in those days to be of a 
length equal to 12 angulas. Bhaskara mentions in the 
beginning of Lilavati that 8 Yavas are together equal to 
one Angula, twentyfour angulas to one hasta, four hastas 
to one danda and 2000 dandas to one Kros'a, and 4 Kros'as 
to one Yojana. Also a vamsa is equal to ten hastas. This 
syBteni discloses that, a Yojana equals 5 modern miles 
according to Bhaskara's estimate of the diameter of the 
Earth as compared with its modern estimate. (The method 
given by Bhaskara as to how the diameter of the Earth 
could be measured is found to be quite scientific as men- 
tioned by us before). 
60 
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33 modern inches or angulas are equal to 80 an gulag 
of Bhaskara as per the above. 

At this rate the gnomon's modern length would be 
just 5".} 

Reverting to our subject, we are asked to represent the 
disc of 30 liptas when the eclipse takes plaoe at noon by 
30/3^ angulas counting at the rate of 3£ liptas per angula. 

Then the question arises as to what should be the 
correspondence between the liptas and angulas when the 
eclipse takes place in between the rise of the Moon (or Sun) 
and its noon. The directive is that 

one angula = 2£' + H °° s z = 2& + cos z I 

a 

This means, supposing Z=zenith-distance of the body 
to be 60°, one angula is to be taken to be equal to 
2fc + cos 60 = 2i + | = 3' or 3 liptas. 

The reason given by Bhaskara reiterating what Sri- 
pati said in that behalf, as to why the Moon's or Sun's 
disc appears to be big at the moment of rising and small 
on the meridian, is that the disc is immersed in its own 
rays at noon and rendered small in appearance, whereas, 
most of the rays are swallowed by the earth or its atmos- 
phere at the moment of rising, making the disc appear 
large and easily visible. 

Note, Bhaskara gives the proof of the above formula 
I as follows. Since at the time of rise, we are taking 2J 
liptas of the measure of the disc to be equal to one angula 
and while the disc is on the meridian, 3£ liptas are to be 
taken as one angula, there is an increase of one lipta for 
an increase of H oos z from zero at the horizon to a value 
equal to the Radius. So, the argument adduced is 'If for an 
increase of H cos z equal to the radius, there is an increase 



of one lipta in addition to 2J f what should the increase be 
for an arbitrary H coa z '? The reBult ia 
H cos z w 

— g — X 1 = oos z. 

Note 2. As finding cos z at the time of an eolipse 
implies additional arithmetical calculation, and as we have 
already with us the data of (1) the time elapsed after rise 
of the celestial body (Moon or Sun) till the moment of 
the eolipse and (2) half the duration of the day of the body 
ie. the rising hour-angle converted into time at the rate 
of 6° per nadi, so a rough formula is given using h in tha 
place of z. The rule of three now used, is 'If for an unnata 
equal to the dinardha or rising hour-angle oonverted into 
nadis, we have an increase of 1 lipta per angula (over and 
above 2£ liptas) what shall we have for an arbitrary un- 
nata ?' The result added to 2} liptas, gives the formula 
one angula = 2* + . Dinardha corresponds to 

H, the rising hour-angle and Unnata corresponds to (H-A) 
where h is the hour-angle at the time. 

Bhaskara uses the word ■ Angula-liptas » meaning 
thereby the liptas that are to be taken to be equal to one 
angula while drawing the parilekha of the disc at the time 
of its eolipBe. 

Verse 25. Converting Valana etc. into Angulas. 

The measures of the Valana (defined above) or the 
bara ie. the celestial latitude of the Moon or the Rahu 
Bimba or the Bhuja (defined) are to be oonverted into 
Angulas at the rate given by the above formula While 

n?Z m i a fi ? Ure ?' the SOlar eclipse ' the celesti *i latitude 
of the Moon is to be drawn in its own direction whereas in 
a lunar eclipse, it has to be drawn in the opposite direction. 

Comm. The first part is clear. Regarding the second 
statement, in as much as the centre of the Rahu Bimba lies 



at the foot of the Moon's oelestial latitude, the latter has 

to be drawn in the opposite direction, since in the pari- 
lekha, the centre of the Moon's disc is to be at the centre. 

Verses 26 to 29. How to depict the eclipse in 
drawing. 

Draw a circle with radius equal to that of the radius 
of the disc of the eclipsed body and also a circle of radius 
equal to r-j-p, the sum of the radii of the eclipsed and 
eclipsing bodies; let directions (east etc.) be marked in 
the figure. In the outer circle, draw the Valanajya or the 
Hsine of the Sphutavala with respect to the East point, 
Valanajya pertaining to the moment of first contact. In 
the case of the Moon, the Valanajya pertaining to the 
moment of first contact should be marked from the East 
point and that pertaining to the moment of last oontact 
should be marked from the West point. In the case of 
the Sun the reverse is to be done. If the Valana is south, 
it should be marked in the clockwise direction, otherwise 
anticlockwise. 

Having marked the Valanajya in the form of a Hsine, 
draw the line joining the centre to the top of the Valanajya, 
ie. to the point of intersection of the Hsine with the outer 
circle. The celestial latitude of the Moon is to be drawn 
from this top of the Valanajya in the form of Hsine again. 
If the latitude pertains to the moment of first contact, it 
should be drawn from the top of the Valanajya pertaining 
to that moment, and if it pertains to the moment of last 
oontact, it should be laid off from the top of the Valanajya 
pertaining to the moment of last oontact. The oelestial 
latitude pertaining to the middle of the eclipse should be 
drawn from the centre along the line of Valanasutra or 
the line joining the centre to the top of the Valanajya, 
Taking the extremities of these latitudes, circles are to be 
drawn with the radius of the eclipsing body to depict the 
eclipse at the respective moments. 




Fig. 88 

Comm. Let M I} M 2 , M 3 be the positions of the centre 
of the Moon's disc at the moment of first contact, at the 
middle of the eclipse and the moment of last contact 
respectively. Draw a circle with radius M x R, = r-f p 
which is called the Manaikyardha Vritta. Let Mj E 
represent the Eastern direction known as the Sama- 
mandalaprachl. Draw E x V! equal to Hsine of the Valana, 
so that Mj Y l is the Kranti-Vritta-prachl ie. the point 
of intersection of the Ecliptic with the Eastern horizon. 
Draw N, R, perpendicular to Mj_ Y t in the form of Heine] 
which is the latitude (Viksepa) of the Moon at the moment 
of first contact. With R x as centre draw the Grahaka- 
Vritta with p as centre ; this oirole represents the Rahu- 
Bimba. 

Similarly let M 3 be the centre of the Moon's disc at 
the moment of last contact. Draw a circle with M 3 aa 
centre and r+p as the radius which is the Manaikyardba- 
Vritta. Let M 3 W 3 be the direction to the West, the 
Samamandalapratlehi. From W 3 draw W 3 V 3 the Hsine 
of the Valana, so that M 3 V B is now the Krantimandala- 
pratlchl ie. the point of intersection of ecliptic with the 
western horizon. Let, the Viksepa N 8 R 3 be drawn as a 
Hsine of the Manaikyardha Vritta. With R 8 as centre 
and radius p, draw the Rahu-Bimba. 

Let M a be the oentre of the Moon's disc at the middle 
of the eclipse. Let M 3 S a represent the South with respeot 
to the prime- vertical. From S a , draw the Hsine of the 
Valana S s V a so that M a V a is the Kranti-Vritta-DakshinS 
ie. the South with respect to the Ecliptic Now the 
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Viksepa or the celestial latitude of the Moon M a R a is to 
be drawn along this ValanasQtra M a V. With R 2 as oentre 
and radius p drawn the Rahu-Bimba. 




Fig. 89 Depiction of Fig. 88, keeping the Moon fixed 

The slight flaw in this figure is that ML X L s implied 
as the path of the Moon is taken to be parallel to the 
ecliptic Rj R a R g the path of the eclipsing body the 
Grahakamarga, in as much as latitudes are drawn perpendi- 
cular to ML X L s . 

This figure depicts a total eolipse of the Moon. If M 
coincides with R a at the middle moment of the eclipse, 
then the eclipse is called oentral. 

The duration of a oentral eolipse will be on the 
average the time that the Moon's diso takes to cross the 
diameter of the Rahu-Bimba with its relative velooity. 
Hence the mean duration of a central eclipse is 
Average diameter of Rahu+Average diameter of the Moon 
Relative velooity of the Moon with respect to the shadow 
= (81+64) X 24 hra ^ 145 x 24 = 290 = 
79G'-35"— 59'-8" 732 61 

4 hrs-45 minutes approximately. 
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Verse 30 and first half of 31. Geometrical depiction 
of the eclipse at the beginning and end of totality and 
also of the magnitude of the eclipse. 

The Bhuja is to be laid from the centre of the Moon 
along its Valanasutra or the line indicating the direotion 
of the ecliptic ; the latitude is to be drawn from the end 
of the Bhuja and perpendicular to the Bhuja. The hypo- 
tenuse is to be drawn from the centre of the Moon. Taking 
the point of intersection of the latitude (Koti) and the 
hypotenuse, as centre and radius p equal to that of the 
eclipsing body, if circles be drawn, from these oiroles could 
be known the points where totality begins and ends as 
well as the magnitude of the eclipse at any given moment. 
Or these could be found in another way as follows. 

Comm. The method given above for depicting the 
phases of an eolipse geometrically, could be applied for any 
moment during the course of the eolipse and depends 
upon before-hand computed Bhuja and Koti. Refer to 
fig. 90. Let M be the centre of the Moon'B disc. Mark 
E« the East-west line drawn through M. Compute the 
Valana for the required moment, either for the moment 
when totality begins or for that when totality ends or for 
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any arbitrary moment! whatsoever. With this Yaiana 
primarily laid in the Manaikyardha Vritta, decide the 
Kranti Vrittaprachi or the East-West direction of the 
eclipse. Thus in the figure Vi V a is this direction. Then 
lay off the computed Bbuja along this V\ V a from M, say 
MA for the Sammilana moment or the moment when 
totality begins or MC for the Unmilana moment or the 
moment when totality ends or MD for an arbitrary 
moment. Draw AR, or CE a or DE equal to the latitude 
at the particular moment, perpendicular to the Valana* 
sutra. In the figure drawn the Valanasutra is shown to 
be the same. This does not mean it will be the same 
throughout. It will be changing beoause the position of 
the Ecliptic changes from moment to moment. So Bhas- 
kara uses the word ie. * the respective Valanasutra 
Also the latitudes will be differing from moment to 
moment as well as the Bhujas both of which are to be 
computed for any moment along with the Valana. (The 
method of computing the Bhuja was given in verse 15). 
Computing the res pective Karna s or the hypotenuses from 
the formula K = VBhu]a a +KoEi 2 , (Ko&i is here the lati- 
tude) with centre M and radius equal to the Karnas, if 
arcs be drawn to out the latitudes, the points of intersection 
would be no other than R lf R fl or E. Join MRi, MR, and 
ME. With centres I&i and R a and radii equal to p-r, 
(where p is the radius of the Rahu-Bimba, and r the 
radius of the Moon's disc) if circles be drawn, thoy just 
touch the Moon's disc at F and G which are the points 
where totality begins and ends respectively. With centre 
E and radius P, if a circle be drawn, that will show what 
amount of the disc is shadowed as well as the measure of 
the magnitude of the eclipse (defined in verse 11). 

Note, In the above commentary and figure we 
have depicted MD as the Ista- Bhuja or the Bhuja at a 
given moment, taking a moment prior to the Unmi- 
lanakaia, for showing the magnitude of the ecUose. 
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If a moment; in between the Sammllana and Unmilana 
were taken, the then Bhuja and Kobi could be no doubt 
computed, but the question of magnitude of the eolipae 
does not arise as the entire disc has been plunged in the 
shadow. 



verse 



Second half of verse 31 verse 32 and first half of 

33. Alternative method of depicting the eclipse "geo- 
metrically. 

Joining the upper end of the latitude of the middle 
moment of the eclipse to those of the first and last 
contacts, we have what are called the Pragrahamarga and 
Moksamarga ie. the path of the centre of the eclipsing 
body from the first contact to the middle moment of the 
eclipse and that from the middle moment to the last 
contaot. The lengths of these paths could be computed 
and they could be drawn before hand. Then with the 
centre of the Moon as centre and radius equal to p-r if 
a circle be drawn, it cuts the paths described above each 
in one point. With those points as centre and radii equal 
to p t if circles be drawn, they will touoh the Moon's disc 
each m one point which are respectively the points of 
Sammllana and Unmilana. 

Comm. In as much as the latitude of the Moon 
differs from moment to moment, the Pragrahamarga and 
the Moksamarga are separated to achieve a little more 
accuracy than could be got by joining the upper extre- 
mities of the initial and final latitudes. The remaining 
statement is evident, for, at the moments of Sammllana 
and Unmilana, the distance between the centres of the 
eclipsing body and the eclipsed will be p-r, so that the 
points of intersection of the Pragrahamarga and Moksa- 
marga with the circle whose centre is the centre of the 
eclipsed body and radius p—r will give the centre of the 
eclipsing body. 

61 
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Latter half of verse 33. To know the magnitude of 
the eclipse at any given moment daring the course of the 
eclipse. 

Let the product of the time elapsed from the moment 
of first contact and the length of the path of the eclipsing 
body traced from the moment of the first contact to the 
middle of the eclipse divided by the time between the 
moment of first contact and the middle of the eclipse, be 
x. Similarly let the product of the time before the end* of 
last contact and the path of the eclipsing body traoed 
between the middle moment of the eolipse and the moment 
of last contact divided by the time between the middle 
moment and the moment of last contact be y. Lay off 
a; and y units of length from the first and last points of 
the path of the eclipsing body along the path respectively, 
Then we get the points of the centre of the eclipsing body 
at the required moments. With these points as centre 
and radius p, if circles be drawn, they represent the 
eclipsing body. The length of the diameter of the eclipsed 
body shaded, gives the magnitude of the eclipse oalled 
grasa. 

Comm. Here rule of three is applied namely "If 
during time T x or T, a path equal to U or I, in length is 
traced what length will be traced in times U or tj" t 
where T, and T a are the times called Spars^a-Sthiti-Khanda 
and Moksa-Stbiti-Khanda respectively, l t and h are the 
times elapsed from the moment of first contact or before 
the moment of last contact and t lt U are the times from 
the beginning of the eolipse and before the end of the 
eclipse respectively. Then x and y give the points where 
the centre of the eclipsing body lies. 

Verse 35. Given the magnitude of the eolipse at any 
time to obtain the time elapsed after the first contact. 

The time taken by the centre of the eclipsing body to 
move through the segment of the path of the eclipsing 
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body which lies between the position of the eclipsing body 
at the moment of first contact and the point of intersection 
with the path of the eolipsing body of the circle drawn 
with the centre of the eclipsed body as centre and radius 
equal -to the difference of p+r—g where g is the magni- 
tude of the eclipse (graea) at the moment, or similarly the 
time taken by the centre of the eclipsing body to move 
through a similar and equal segment of the path of the 
eclipsing body on the other side, gives the time elapsed 
after the moment of first contact or the time before the 
moment of last oontact. 

Comm. This is the converse of the above problem. 
The method is dear being based on rule of three as above. 
Both the problems could be algebraically expressed as 
follows. Let T, t, Z, g, and % stand respectively for the 
Sthiti-Khanda ie. the time between the moment of first 
contact to the middle of the eolipse or the time between 
the middle moment to the moment of last contact ; (2). 
the time elapsed after the moment of first contact) or the 
time before the moment of last oontact, as the case may 
be ; (3) the length of the Pragrahamarga or Moks^marga ; 
(4) the g rasa which is defined as p+r—k; (5) the Karna 
whose expression is >JB*+B 2 , B being the Bhuja defined 
and y3 'he latitude of the Moon. 

Then the following working is stipulated (a) If in 
time T, a path of length I is traced, what will be traoed in 

t ? The result is | (b) Then B = I - l l (c) B 2 + ft = K 2 
(d) p+r— h=g. Thus combining all the steps 

I" (T-*) 2 + ft T 2 = T 2 {p+r-gf I 
given t f this equation gives g and given g it gives t. 
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Again the following relation holds good between T 
andU 9 = te+r) a -£ a II and 
I . 

^— - = T with the nomenclature already employed which 

means T = ^5+55? Ill 
m 1 — a, 

In the above working, the fundamental elements are 
P* r t ft, m x and Sl with which the other elements could be 
worked out. Replacing the other elements from equation 
I, we have 

{(p+rf-0'} S«P +r)°-t>' _ t ) 2 , 
m 1 —s 1 y ~ 

p( p+7-F \_(p+r)'-F , , . a 

ie. {(j>+r) a -/? a ) W{ p +r?-$*—t (m i -t l )7 + 

P (P+^-n = (fjV-^) (p + r-gf 
ie. {^.^-^ -t (»»,-«,)}■ -j- ^ =-. (p+r-g)* IV 

Putting 2 = in this equation, we have 
(p+r)« = (p+f— g)* ie. ^ = which means at the moment 
of first contact, the grasa is zero. Again putting 

t - i ie. t = * ie. ^ (m t - 8l ) = J ^t~t fla 

we have 

g a =_p+ ? ._^ ie, ^ = p+r— y8 which gives the graha 
at the middle of the eclipse which was defined as the 
Sthagita. In equation IV which we may take as a funda- 
mental equation, the two unknowns are t and g one of 
which being given the other could be got. 

Verse 36. The colour of the eclipe. 

When less than half the diso of the Moon is eolipsed, 
the colour will be what is called Dhumra ie. of the colour 
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of smoke ; when the disc is half eclipsed, the colour is 
black ; when more than half is eclipsed, the colour would 
be a blend of black and red and when the entire disc is 
ephpsed, the colour will be what is called pi^anga or 
reddish-brown. 

Comm. Clear. 

Verse 37. When declare the occurrence of aneolipse. 

When even one-8ixteenth of the diameter of the 
Moon's disc is shadowed, the eclipse will not be visible 
m as much as the shadowed portion is covered by the 
illuminating rays of the disc. In the case of the Sun 
when even one-twelfth of the diameter is shadowed the 
eclipse will not be visible for the same reason. Hence' we 
shall not deolare the occurence of an eclipse upto the 
shadowing of the discs to the extents stated above. 

Verses 38 and 39. Examples which disclose the 
invalidity of construing Valana in terms of Hversine 
instead of Hsine. 

When the Sun is in the zenith, the Ecliptic being 
vertical the Valana is clearly seen to be the Agra of 
(© +90) where is the longitude of the Sun. If vou 
could show that the Valana will be the same on the basis 
of Hversine-formula, then I would accept that what 
Lallacharya postulated in his work Sisya-Dbi-Vrddhida 
is correct. " 

Again, in a place of latitude 90-*,, * being the obli- 
quity of the Ecliptic (*, is taken to be 24°), when the Sun 
being situated in Mesa, Vrsabha, Mlna or Kumbha the 
Moon contacts him from the south at the moment of a 
solar eclipse, in as much as the Ecliptic coincides with 
thehoriaon In this circumstance, how could the Valana 
be equal to R, as made out by the Hversine-formula 



Comm. Lallacharya gave the Valana in terms of the 
following verses 4t ^q^ft^Sl^teRJTfw^ST^f*!:, ^iHT^MT 

sjOT5?JT..." Verses 23, 25 Chandragrahanadhikara, wherein 
he formulated the Valana in terms of Hversine in the 
place of Hsine. The reason for his slip» we have already 
explained. Now Bhaskara gives two glaring examples to 
substantiate his formula and to show up the flaw in 
Lallaoharya's formulation. 

In the first example, where the Eoliptio takes the form 
of a Vertical, the Sun being in the zenith, the Spasta 
Valana which is the angle between the Eoliptio and the 
prime-vertioal is the same as the arc between the East 
point and the intersection of the Ecliptic with the horizon 
known as Lagna. Since the Sun is then in the zenith, 
the longitude of the Lagna is (90+©) so that the said 
arc is the Agra of the point whose longitude is 90+ © as 
Btated. Hence Spasta Valanajya = sin A = sing/cos d> 
where A is the agra (using Napier's rule from triangle 
PNL where L is the Lagna N the north-point and P the 
celestial pole). In the Hindu form, this is given by 

H sin V = H sin A = sin ft where $ is the declination 

H cos 

of a point of the Ecliptic whose longitude is (90+0). But 
Lallaoharya's formula gives the Valanajya as Hvers 
§ being the declination of a point of the Ecliptic whose 
longitude is (90+^), X being the longitude of the Eclipsed 
body ignoring the latitude. In other words, in the case of the 
lunar Eclipse when the Moon is in the zenith his Valanajya 
= .Hvers g having the above value) the Aksa Valanajya 

here being zero. Since j- < Hvers g, the mistake 

H cos 

committed by Lallacharya is evident even supposing 
H cos <b = R when we ignore the latitude ie. take to 
be zero. 
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In the second example oited by Bhaskara the Ecliptic 
ooinoides with the horizon, the pole of the Ecliptic being 
in the zenith. Then in a Solar Eclipse the Moon eclipses 
the San from the south showing that H sin V = K. That 
H sin V = R is also evident from the fact that the Ecliptic 
makes 90° with the prime- vertical, having coinoided with 
the horizon. But here according to Lallaoharya's formula, 
H sin | = Hvers 90° = R and Ayana Valanajya is Hvers ft, 
where $ is the declination of a point whose longitude is 
90° more than . If = 30°, 60° H sin = 

R • /r> ^ */ 3 Rsin w . sin w . 

— sin oi/R or — — ie. — — or /s/3/2 sin co. 

2 2 R 2 

Evidently the sum of the two Valanas Ayana and Aksa 
cannot be 90° as is also vouchasafed from geometry. So, 
here also, the flaw is evident. 

Note 1. Srlpatyacharya also followed Lallacharya 
vide verses 18, 19, 20 Chandragrahanadhyaya, Siddhanta 
Sekhara. It will be noted that the commentator of 
Siddhanta Sekhara, while reiterating Bhaskara's stand las 
the correot one, himself commits a mistake in saying 

( *snra<^ta frm?n^?TT^n% sraw^tcum^ *z$m" In fact 

. fr sin d) sin h sin sin z , , , , 

sin | =s _ — ^ — = ™— - — as proved by us before. 

cos j« cos $ 

The commentator cited above overlooked that ein | could 

be also equal to a * n ^ S * D ^ , wherein natakala also is 
cos f*> 

implied. 

Note 2. It will be noted that even Prfchudakacharya, 
while commenting on Brahmasphuta Siddhanta, ignored 
Brahmagupta and followed Lallacharya blindly. 



Note 3. The formula given by Lallacharya and 
followed by Prthudaka as well as by Snpati is very rough 
besides containing the flaw cited, in as much as both 
and § are taken to be zero, which are not so, ■ : _ 



SURYAGRAHANADH1KSRA 



Verse 1. In as much as the observer situated on the 
surface of the Earth and as such elevated by the radius 
of the Earth from the centre there of, perceives not the 
Sun and the Moon having the same longitude at the 
moment of conjunction, to be in the same line of sight, 
heyt being depressed unequally having different orbits, so 
I proceed to elucidate what are called Lambana and Nati 
ie. parallax in longitude and latitude, on which account 
they are not in the same line of sight. 




Fig. 91 

Comm. (Refer fig. 91) Let E be the centre of the 
Earth, M and S the centres of the discs of the Moon and 
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the Sun. Let A be the position of an observer on the 
surfaoe of the Earth, elevated by the radius EA from E. 
Let M and S be in the same line of sight as seen from E, 
But as seen from A, AS and AM are respectively the lines 
of sight to the Sun and the Moon. Evidently these lines 
of sight differ the Moon being depressed more than the 
Sun. If a line AS' be drawn which is parallel to the central 
line of sight namely EMS, we find that the Sun is 
depressed by the angle S'AS whereas the Moon is depressed 
by the angle S'AM'. These angles differ because the orbits 
of the Sun and Moon differ. 

Here the angle S'AS will be very very small, its 

magnitude being in truth just about 8" only. But the 

angle S'AM' will be sufiiciently large since the Moon is 

very near the Earth compared with the Sun. Taking ES 

and AS to be almost parallel due to the largeness of the 

/\ 

Sun's distance, the angle SAM will be almost equal bo 

AMS so that we could consider that the Moon is depressed 
from AS the line of sight to the Sun by the angle SAM' = 

AME. This angle AME is called the geocentric parallax 

of the Moon and the angle ASE that of the Sun M'AS =* 
angle of depression of the Moon over and above that of 

the Sun = M'AS' - M'AS = EM A - ESA = geocentrio 
parallax of the Moon minus geocentrio parallax of the Sun. 

Verse 2. The presenoe or absenoe as well as the 
positiveness and negativeness of the parallax in longitude. 

Compute the Lagna at the moment of conjunction of 
the Sun and the Moon. There will be no parallax in 
longitude when the Sun is situated at the point called 
Vitribha or the point whose longitude is s L— 90°, L 
being the longitude of the Lagna ie. the ascendant which 
is the point of intersection of the Eoliptio with the 

$2 
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horizon If the Sun's longitude falls short of the longitude 
of the Vitribha or exceeds it, there will be parallax in 
longitude which will be positive in the former case and 
negative m the latter. 




Fig. 92 

Comm. (Ref. fig. 92) Let SN be qhe horizon Z the 
zenith and VA the Ecliptic. A is the ascendant or Lagna 
Let V be the point called Vitribha which is 90° behind A* 
Strictly speaking V is called Vifcribhalagna or lagna from 
which three RsafiB or 90° are subtracted (Bba^R^i 

a point whose ongitude is got by subtracting three 
Rasfis from that of the Lagna). Let ZY be the vertical of 

V bo that ZVA - 90'. It will be seen that AV = 90° as 
follows. Let A' be the point where the Ecliptic intersects 
the horizon on the west. One will construe that the 
Ecliptic ib bisected by the meridian; but it is not so 
Spherical triangles AVZ and A'VZ being right-angled at 
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V are congruent beoause AZ = A'Z and zv is common 
/ V - VA '' B ^ AV + VA' = 180° because the Ecliptic 

and the horizon being two great circles, they bisect each 
other Hence AV = 90°. Then a celestial body situated at 

V will be depressed along ZY the vertical, say, to a point B 
Let be any arbitrary position of the Sun ; then <•> will 
be depressed along the vertical Zo, say, to a point G 
Draw CD perpendicular on the Ecliptic. Then ©D is the 
component of the parallax ©C along the Ecliptic where 
as DO is its component perpendicular to the Ecliptic. 
Thus ©D is the parallax in longitude and DC is the 
parallax in latitude. The word < Lambana ' means 
etymologically anftft ie< febaj . amounfc 

which the celestial body is depressed (along the Ecliptic) 
In Hindu Astronomy the word Lambana is applied to 
parallax in longitnde alone whereas the word Nati is 
applied to parallax in latitude. Hence to translate 
Lambana as parallax alone is not correct. The word 
Dnk-lambana is applied to mean parallax along the 
vertical, and the word Sphufealambana is occasionally used 
to connote parallax in. longitude. 

As Bhaskara rapidly comments on the verses in this 
Ganitadhyaya, he having dealt with the subject of parallax 
^aborately under the caption, Grahana Vasana, in the 
Goladhyaya, to catch up his thought, we have jj treat the 
subject first from the modem view point and then elucidate 
what he has said in the Goladhyaya, much matter of which 
is reiterated by him under the commentary here in the 
lianitaahyaya. 

(Ref. Eig. 91) From the AEAM, 

Bin EM A _ sin EAM _ sin ZAM , 

a d d a 18 the radius of 

the Bart h and d the distance of the celestial body (here the 
Moon) 
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A Sin EMA - *sin ZAM = EMA expressed in radian 
measure since BMA is very small 

EMA (expressed in radian measure) = % sin z I where 

a 

z is the apparent zenith-distance of the Moon ie. zenith- 
distance as seen by the observer (in contradistinction to 
the geocentric zenith-distanoe of the Moon namely ZEM). 
In particular, when z = 90°, EMA = | which is the 
maximum parallax known as the horizontal parallax ie 
the parallax when the Moon is situated on the horizon ot 
the observer. Also the parallax is zero when M is situated 
at Z as is seen from formula I and as is rightly remarked 
by Bhaskara in the words < infar 

■ u/ n /5u 9 \ ™ A is the * n * le by which the line of 
sight of the observer namely AM . is depressed from the 
geocentric line of sight EM. Since the plane of the pacer 
represents a vertical through the Sun and the Moon the 
depression of either the Sun or the Moon or the excess of 
the depression of the Moon over the Sun are all in tha 
vertical plane This depression is called Drik-lambana 

because it is a lambana or depression in the Drik-mandala 
or vertical. • v 

This Drik-lambana varies as sin * as is seen from 
formula I where a, and d may be taken to be constants 
(Both a and d vary slightly a varying slightly from place 
to place on the Earth, the Earth being an oblate spheroid 
and d varying from position to position of the Moon). 

The maximum horizontal parallax is given by '5 in 
radian measure which is equal to, according to Bhaskara'B 



estimate 



1681 



at 

X 3438 



2 ' A 61666 ~ "* 00 ^ a PP rox i mat ©ly. Its 
modern value is about 67' so that the Hindu estimate is 
not far from truth. Here 1681 and 61666 are the values 
of a and d in Yojanas aocording to Bhaskara. 

The Hindu astronomers do not, however, proceed 
exactly as we have done in the para above to obtain the 
maximum horizontal parallax. Their treatment is a little 
different and is as follows. Whereas aocording to Modern 

astronomy EM'A (fig. 93) is viewed as the horizontal 




Fig. 93 

parallax, in Hindu Astronomy MEM' or the angular 
measure of the Moon's path equal to the radius of the 
Earth ib taken to be the horizontal parallax. Both 
of course, mean the same as is seen from the figure. 

In as much as the Hindu astronomers knew very well 
what they term «*Wir or converting linear distances 
into angular measure, converting a linear magnitude equal 
to the radius of the Earth namely MM' at the lunar orbit 
into angular measure, they got 

EM X ~ T X 61666 radians * 62 '- 42 " m the 
maximum horizontal parallax. 
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Having got this estimate, they reckoned this angular 
measure in time as the time taken by the Moon to traverse 
the distance MM' equal to the radius of the Earth as 
follows. The Moon traverses 790'-35", which is exactly 
15 times 62'-42". Hence they said that the maximum 
horizontal parallax is T \th of the Moon's daily motion in 
arc and expressing it in terms of time, that the maximum 
honzontal parallax is & of a day or ^th of 60 nadis or 

That this horizontal parallax is 4 nadis as a maximum 
would have been also verified at the time of a solar eclipse 
when the Sun was situated on the horizon at the time of 
conjunction, by the fact that the eclipse occurred four nadis 
m advance of the moment of geocentric conjunction 
(which could be calculated very accurately by the Hindu 
astronomers, as could be seen by the very correct estimate 
of a unation in Hindu Astronomy. In fact, the length 
of a lunation must have been estimated correctly by noting 
the time-interval between two solar eclipses or lunar and 
by dividing that time by the integral number of lunations 
elapsed in between the twojeclipses). 

The question then arises'aa to how the Hindu Astro- 
nomers could know the distance of the Moon. Erom the 
estimate of the horitontal parallax by actual observation 
and from the geometry of fig. 93, a correct estimate of the 
distance of the Moon must have been arrived at. 

Having thus known that the Moon traverses a 
distance equal to the radius of the Earth in 4 nadis his 
daily linear motion was estimated to be 15 times the radius 
of the Earth ie. 15 X * m i = 11858f Yojanas. 

The daily motion of the Moon having thus been 
estimated almost correctly, an act of inexpedience' on~l&e 
part of the Hindu astronomers was that they should have 
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presumed that all the other planets inoIndiog the-Snn would 
be traversing the same linear distance during the course of 
a day This led I to a wrong estimate of the Ban'* distance 
as well as his spherical radius. Also, they supposed wrongly 
that the parallax of the Sun also would b* equal to Aft 
of his daily arcual motion. 

Their estimate of the spherical diameter of the Moon 

™T fi r r ' 7 y ^ ^.^MoMhey argued, that 
rf 790 -35" angular motion per day corresponded to imsl 
Yojanas in linear measure, to what linear measure did the 
angular diameter of the Moon namely 82'-0"-9"' correa- 
pond ? The answer was 



11858| X 32^ _ 



Fig. 94 

hri » T ^ P ° inted ° nt that there is a elation 

(Jfig.M). Let E and M bet he centres of the Earth and 

the Moon respectively. EMA = horizontal parallax of 
the Moon = angular radios of the Earth as seen from the 

Moon and BEM - Angular radius of the Moon = Hori 
■pntal parallax of the Earth as seen from the Moon Thu " 
we Bee that the Earth will be seen from the Moon as a* 

our Earth will be a Moon to our Moon, having nearly 18 
Umes the area of our Moon's diso. 7 • 
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The periphery of the Moon's orbit was arrived at as 
follows. " If 790'-35" of the Moon's angular motion 
corresponds to 11858f Yojanas to what periphery must 
360 X 60' correspond ?" The answer is 

11858f X 360 X 60 on , nm „ . „ 

~~ — 7 90'- 35" = 324000 Yojanas. Reverting to the 

subjeot of parallax on hand, the Drik-lambana or the 

parallax along the vertical has the formula 4 ^ s * n z I 

R 

nadis in Hindu Astronomy where 4 nadis is the maximum 
parallax obtained when H sin z = R. 

From fig. 92, C © 3 = CD a -f- D ©* ie. 

Drik-lambana a = Nati 2 4- Sphutalambana" II 

CD = ©G sin COD = 4 H 8in z x 

R A 

sin C©D = 4 sin z sin V©Z 

= 4 sin ©Z sin V ©Z = 4 sin ZV 

JtS 

Thus, the parallax in latitude at any point of the Ecliptic 
is that at the Vitribha which is conveyed by Bhaskara 
in the words "<$$Rfft*cri: ^ fafsr^ STsfoYsfq- 

Also © D = C © cos C © D = 4 sin ©Z cos Z © V 

= 4 cos ZV sin V© = 4 H cos ZV H sin V© Iy 

R 

= Maximum parallax x Vitribha- S^anku X H sine of the 
arc V © . 



In the above working we proceeded in a modern way. 
It is worth-hearing Bhaskara as to how these results were 
arrived at elegantly and ingeneously from first principles. 
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In fig. 91, EMS is called Garbha- Sutra whereas AS 
is called Drsti-Sstra. ^H l 3 " ^ sfod^r^: a&swni 
393m ie. In as much as the Moon is depressed from the 
Drk-Sotra, so this phenomenon goes by the name Lambana. 
It will be noted that in Hindu Astronomy geocentric 
parallax will not be treated separately for the Moon and 
the Sun but dealt with simultaneously as it is called for, 
in the context of a solar eclipse. They were interested 
in knowing the relative depression of the Moon with 
respect to the Sun rather than knowing the separate 
magnitudes with respect to the Moon and Sun, for which 
they had no application. 

• $RT^^N^*sra^m%3*SiTO' ie. Inasmuch 
as the Gtarbha-Sutra and Drk-Sotra are identical in the 
direction EAZ (fig. 91) there is no parallax at the zenith. 

Now consider the plane through ZV of fig. 92. Suppose 
the EMS of fig. 91 is in the direction EV. Then both 
the Sun and the Moon may be considered to have the 
same Vitribha at that moment of conjunction. Both the 
Sun and the Moon being then depressed along ZV, to V 
and V" respectively the Eoliptio will then be a oircle 
parallel to VA (fig. 92) through V and the orbit of the 
Moon will be another circle parallel to VA through V", V" 
being below V'. If we neglect, for a moment, the depres- 
sion of the Sun, and consider VD to be the Ecliptic on 
whioh the Sun is situated undefiected, and BO to be the 
deflected orbit of the Moon relative to the Sun, then VB 
is the Nati of the Moon, which will be the same distance 
between VD and BC, ie. the orbits of the Sun and the 
Moon. 

This fact was proved by us analytically in the modern 
^ray showing that CD = BV. 

This Nati it is that influences the latitude of the Moon, 
Whioh may cause apparent conjunction when there is no geo- 
63 
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centric conjunction and which does not show an apparent 
conjunction when there is a geocentric conjunction. In 
other words parallax in latitude plays a very important part 
in solar eclipses. Also O D being the parallax in longitude, 
the moment of apparent conjunction might be preceded or 
followed by a geocentric conjunction according as the Sun 
lies along VA or AV. Thus having determined the exact 
moment of apparent conjunction using tne magnitude of 
©D, then we have to rectify the latitude using the 
magnitude of VB. If that rectified latitude of $ fa ^ 8 
short of R+r where R is the angular radius of the Sun and 
r that of the Moon, then there will be a solar eclipse. 

It will be noted that when the Sun coincides with V 

at the moment of conjunction, there is no parallax in 

longitude ©D being zero (Fig. 92} in that position. Also 

there will be no parallax in latitude when the Ecliptic 

assumes the position of a vertical circle passing through 

the zenith, the Drik-lambana then being entirely along 

the Ecliptic In this case the Vitribhalagna V will 

% 4 H sin V © 

. coincide with Z and which is termed the 

R 

Madhyamaiambana is now entirely along the Ecliptic and 
as such it is the Sphutalambana in this oase. We have said 
above that when V coincides with Z, the Madhyamaiambana 
is zero at Z, and that the maximum is equal to 4 nadis on 
the horizon. In between Z and the horizon it has the formula 

; , , Noting further that in this case when 

R 

the H cosine of the zonith-distanee of V ie. the S'anku of 
V is R, the entire lambana is along the Ecliptic, the nati 
being zero, and the Madhyamaiambana i3 itself the Sphuta- 
lambana, and again when V does not coincide with Z t 
HcosZV is no longer R but has assumed Koti-Rupa ie. 
the form of a H cosine, as well as the Sphuta-lambana 
,a1sd, which assumes Koti-Rupa ie. of the form ©D of 
■Fig. 92, where © C is the Madhyamaiambana, ©D is the 
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Koti = Sphuta-lambana, and DO = Bhuja = Nati, it is 
argued that the Sphuta-lambana is proportional to 
H cob ZV, assuming a maximum value when V coincides 
with Z ( © not being at Z). 

Vertes 3 and 4. Parallax in longitude based on two 
proportions. 

Compute the H cosine of ZV, by calculating the 
rising time of AV, the Kujya, Dyujya and Antya pertain- 
ing to V, as was formulated in the Tripratfnadhikara, then 
H sin Vo, multiplied by 4 and divided by R, and again 
multiplied by H cos ZV and divided by R again gives the 
parallax in longitude. 

Comm. As per the above formula, parallax in longi- 
tude equal to D of Fig. 92 is equal to 

4Hsin VO XHcosZV . ._ fl _ . , ^ 
• This is evidently derived out 

of two proportions that the parallax in longitude is 
proportional to H sin V© as well as H cos ZV. This we 
have already derived through modern methods as formula 
IV. 

Under verse 2, The two proportions are (1) V coin- 
ciding with Z, if by H sin V © equal to R, we have 4 nadis 
as the maximum lambana on the horizon, what shall we 
have by an arbitrary H sin V © ? The result is 

— and (2) V not coinciding with Z, if by 



4 H sin V © 



R 



H cos ZV equal to R we have 4 H s * a V as the 

R 

Madhyamalambana, what shall we have for an arbitrary 
HcosZV? The result is 

4 H sin V © w H cos ZV , . A 
— x — _ as formulated. 

R R 



First half of verse 5. Alternate method of rectifying 
lambana. The Madhyamalambana multiplied by 12 and 
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divided by the Oh5y5karna of the Vitribba will also gfre 
the Sphuta-lambana. 

Comm. From Tripras'nadhikara, we have 

12 HoosZ , , L 3 . 

«= g — so that in the formula cited above instead of 

H cos ZV i 3 l 1n/T7 
we are asked to use 12 /K. 

Latter half of verse 5 and first half of verse 6. 
Drk-nati 9 = H coa a ZV — H oos 3 Z © 

= H sin 8 Z O - H sin" ZV (fig. 92) 
4 D ^- pati = Sphutalambana. 

Comm. We shall first prove this on modern lines. 
Cos Z © = cos ZV cos Z © 
.*. oos 9 ZV - cos a Z = cos 3 Z V (1-cos 9 V O ) 

= cos a ZV sin 3 V = Hcos 3 ZVHsin 8 V0 

R* 

Also cos a ZV - cos 9 Z 

= sin* Z © - sin 8 ZV = 
HoosVzv - HcoB a Z0 Hsin 3 Z0 - H sin 3 ZV 
R" E 5 " 

"ZV 



H cos 3 ZV - H cos 3 Z© = H sin" Z© - H sin 3 



= H cos 3 ZV H sin' V © 
R 1 

Drk-nati defined above = cos* ZV — H oos 9 zT 

/ rr • a r,^ 77 — :—s H COS ZV H sin V 

vfl sin* Z© — H sin 2 ZV = 75 — 

• 4 Drk-nati _ 4 H oos ZV H sin V 

R R" 
— Sphutalambana. 



431 



Bhaskara's proof proceeds in two stages from first 
principles. In the first place when V coincides with 2, 
Lambana is seen to be equal to 4 nadis on the horizon and 
gero at z ie. it is zero when H sin Z =0 and 4 nadis, 
a maximum when HsinZ© = R. So, it is meet that 
kambana should be taken to be proportional to H sin Z© 
ie. proportional to natajya. In this oontext the lambana 
termed as Madhyamalambana is entirely along the ecliptic. 
It is taken to be in the form of Karna, because in the 
position of ©G also it is in the form of a Karna. 

Then let the Ecliptic be deflected from the zenith 
(Reflected ==■ ftpi). Vitribhalagna then being defieoted 
from the position of Z, occupies the position of V (fig. 92). 
So ZV is called Drk-kshepa since the Ecliptic which was 
in the form of a Drk-mandala is deflected from that posi- 
tion. Also the cirole ZV is called Drk-kshepa-mandala 
because V is deflected along that cirole. Now consider 
the A whose sides are H sin ZV, H cos ZV and R. 
H cos ZV equal to R and as such in the form of a Karna 
corresponds to the Madhyamalambana which is also in the 
form of a Karna ; when this Vitribha-S'anku assumed the 
form H cos ZV, ie. rendered a Koti from its form of a 
Karna, R, *h e Spnutalambana is also rendered a K6ti in 
the form of © D so that 

M adhyamala mbana _ Sphntalambana 
r H cos ZV 

,*. Sphutalambana = H °^ ZV Madhyamalambana 

H cos ZV v 4 H sin Z© 
= — R— X R * 

Then Bhaskara says that we could look at this, from 
another angle in the words ft 4$&UJ-*R¥f <B*fi€Mr«f- 
3<nwi etc. 
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In fig. 92, H sin z© is in the form of a Karna; 
H sin zv is in the form of the corresponding Bhuja. This 
triangle formed by these two as sides may be taken to be 
similar to the triangle ©DO, both being called parallax 
As. This plane triangle ©DC is like the plane triangle 
which has for its sides H sin A, H sin where Aandg 
are the longitude and deolination of a point of the Eoliptio. 

In the Tripratfnadhikara, we had occaaion to deal 
with this triangle and there we had R 

sin 8 A - H sin 2 ft CT . , 
H ooa ^ H sin a where a is the right ascen- 
sion of the point. Similarly R ^Hsip'zq - H sin 9 ZV 

H cos ZV 

= HsinV©. .In other words Drk-nati is HsinV© 
projected into a circle of radius H cos ZV from a circle 
of radius R. We have the proportion 
v 0® _ CD Do 

Hsinz© ©sinZV V H sin* Z © — H sin 8 ZV 

s= D© = Sphutalambana 
^Hsin a Z© - H sin 8 ZV 

The quantity under the radical in the denominator 
is called Drk-nati for the following reasons. 

When V coincides with z, V© is the Drk-mandala- 
nata, so that when V is deflected also, we continue 
to view the Drk-nati placed along V®. Since Madhyama- 
lambana ©Cisin the form of a Karna in the a ©DC 
we perceive it to be in the form of a Karna even when 
V coincides with z. This Madhyamalambana being equal 
to bphutalambana when V coincides with z, Sphuta- 
lambana is also in the form of a Karna then. Now in the 
position ©DC, Sphutalambana has assumed the position 
of a Koti ie. the Sphutalambana which, in the form of a 
Karpa, being plaoed along Dxk-mandala natamsa, ia now 
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rendered a Koti and is placed along V ©, So the quantity 
^Hsm 2 Z0 — H sin 9 ZV which is the Koti of the a 
formed by H sin ZO and H sin ZV, corresponds to the 
K5ti of Sphuta-lanibana © D. So we call 
*/Hsin 9 Z0 — H sin 9 ZV as Drk-nati, in as much as the 
Sphutalambaoa being placed along V© in the form of a 
Karna when V© is Drk-mandala-nata, continues to be 
placed along Yo in the deflected position also and 
becomes a Koti corresponding to the Koti of the triangle 
formed by H sin ZO and H sin ZV ie. corresponding to 
the quantity N/Hsin 9 Z© -~H sin 3 ZV. The Sphuta- 
lambana should be construed as being associated with 
Drk-mandala-nata which term is now abbreviated to the 
term Drk-nati. 

At A of fig. 92, the Drk-nati = -s/R 9 — H sin 9 ZV 
= H cos ZV = H cos ZV = Vitribha-lagna-S'anku. Hence 
the proportion proceeds in accordance with this Drk-nati. 

Verse 6 {latter half) and first half of verse 7. 
Alternative method of obtaining parallax in longitude. 

■ // H ooa ZV \ 9 _ / H cos Z© T 8 
W V B/4 / V B/4 / 

or ^ Hainzo y ^Hsinzvj 

gives the parallax in longitude expressed in nadis. 

Comm. These formulae just conatitude another mode 

of expressing the parallax in longitude and the equivalence 

4 

of the formulae with the formula — Drk-nati is evident. 

Latter half of verse 7. Use of the parallax in 
longitude. 

The time of the ending moment of New Moon ie. the 
moment of geocentric con junction is to be rectified by this 
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parallax in longitude to get the moment of apparent 
conjunction by the method of successive approximation. 

Comm. In as much as the moment of apparent 
conjunction for an observer situated somewhere on the 
surface of the Earth precedes or followB the moment of 
geocentric conjunction being preponed or belated by the 
parallax in longitude, we have got to take this parallax 
in longitude into account and compute the moment of 
apparent conjunction. This computation has to proceed 
according to the method of successive approximation since 
the hourly motions of the Sun and the Moon vary as well 
as the parallax in longitude. When the Sun is in advanoe 
of V, the Sphutalambana advances the Moon more than 
the Sun so that the moment of apparent conjunction is 
past. Hence the correction is negative and vice versa. 

Verses 8 and 9. Computation of the parallax in 
longitude without an appeal to the method of successive 
approximations. 

Let Para = ^ H cos zv ; {Para ~, H sin O L} 8 + 

OA 

H cos" ©L = K 3 H sin" 1 1 Hra 0L_X_Pttrt J = 
parallax in longitude. 

Ref. fig. 95, E, E a is taken to be what is termed Para 
4 

equal to - H cos zv, H cos ZV being the Vitribha-S'anku. 
Since |oould be written as -^£^4 ^ gin(je 4 ghatifl = 
l^y!?? = 240^ 60 ghatis being equivalent to 360°, 

g H cos ZV = H 8 ^ 24 X H cos ZV. Imagining for a 
moment H cos zv has come in the place of H sin i 
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pertaining to the formula H sin 8 = ^ X H sin 2i 

g H cos zv = Para _ the H Bine of the rf 

that point whose longitude is equal to Vitrihi,* c . 
In other words Para is termed as the 

BBpa-KrSnti-Vrttiya-Bhuiai^ianita-KrLtTS Sanbn ' 

Now take E, E, = Para defined above TW • i 
of equal radii with B, and B, as centre s cZ^l , 
88 the Chandra-Kakshsmandala and EaW-KaS 
Mandala. Para by its formulation aa ^ H oos zv, is equal 

H os e Z v m ir i r m ParalIS * iD l0D ^ ie fo ' » given 

v^z rsi: r ;r*F 

position of with respect to V wifl be arb " rary 
Para X H Bin (a -„) 

R - according to the previous formo- 

lation thereof. This form of the formula by its 8 imi, arUjr 
w.lh the formula | H sin m, pertaining to the eccentric 
oirole-theory, suggested to Bhsskara that the nar.ll., • 
longitude could be derived from the theorv of ^h? 
tries or Prati-Vrtta-Bhangi In I 9 X • , ! e ° 0en - 
that B E are aofc the J* « J-*« 

of the observer on the surface of the Earth £t such 
points as E, E, is made equal to | H cos zy or J H cos zv 
of the modern figure | being equal to ? , so that E, E, 
is of a variable magnitude varying with H cos zv. 

Comm. When H oos zv - » ;» ™u „ 
with Z, we have the ma^m ^ral'L .^J 
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Fig. 95 

be had for an arbitrary H cos ZV ? The result is 

H COS ZV w TT • n * 

a438 X H sin 24 since 4 nadis correspond to 24*, 

60 nadis corresponding to 360*. Henoe the result is 

H cos ZV X 1397 n . . 3438 . L 

8438 • Converting — into a continued 



•of which the con- 



fraction we have 2 + ttt ^ — —\ 

2+ 5+ 1+ 9 

vergents are f , f , H, f§ and f § is a very good convergent 
preceding a large quotient namely 9. So the result may 

be written as 13 H ^ QS zv which is symbolized as Para. 
Now parallax in longitude = Para X H siu ( -v) ^ 
When Hsin(0-^) = B, the parallax will be equal to 
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l?ara. This formula by its similarity with the formula 
pertaining to the eccentric theory led Bhaskara to use the 
method of eooentrio circles to obtain the parallax. It is 
indeed ingenious on his part to have conceived the appli- 
cability of that method. 

Further it is rather curious that 4 nadis of the 
maximum parallax should correspond to 24°. This also 
led Bhaskara to conceive similarity between the formulae 

H«:„ * - H sin A X H sin 24° . f , , ' 

sin g = — (the formula used to 

a 

obtain the declination $ given the longitude X of a point 

of the Ecliptic) and the formula H cos ZV X H sin 24 

B 

= Para. So from an arbitrary H sin X equal to Vitribha- 
S'anku, Para is derivable as H sin ft. In other words Para 
is called Vitribha-S'anku- Rupa-Kranti Vrttiya-Bhujajya- 
Janita-Krantijya. 

Now the doubt arises, namely that when the formula 

longitudinal parallax = Para X H sin ( —v) resembles 

R 

the formula ^ H sin m which pertains to the Equation of 

centre, why does Bhaskara suggest that the parallax is 
derivable without the application of the method of succes- 
sive approximations, by appealing to the method S'lghra- 
phala. The doubt is here two fold (1) where is the 
necessity for the method of successive approximation to 
obtain the parallax, though it be called for, to obtain the 
moment of conjunction ? (2) why does Bhaskara appeal 
to S'lghrakarma and not Mandaphala, when the formula 
suggests the latter, by the presence of R and there is no 
K at all? 



The answer is as follows. In the first place, even in 
the modern formula for parallax namely ajd sin z, z is 
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the zenith-distance pertaining to the observ.er and not the 
geocentric zenith-distance, which are respectively called 
prsthlya and garbhiya natamsas. Also the parallax is the 
angle between the geocentric direction of the Moon and 
that of the observer. (Vide fig. 91 where parallax =■= 

BMA). 

In deriving this parallax, we are nsing the apparent 
zenith- distance of the Moon and not the geocentric zenith- 
distance of the Moon. In fig. 92 the position of O corres- 
ponds to the geocentric position, whereas D corresponds to 
the position of the observer on the surface of the Earth. 
So, as we use the apparent zenith-distance as argument to 
obtain parallax along the vertical, so we have to use, VD 
as the argument to derive the parallax in longitude and not 
V . So, the method of suceessive approximations is called 
for as O D is first computed from the argument V and 
VD is to be made the argument thereafter. This means 
that V may be construed as Madhyakendra and VD as 
Sphutakgndra. Now applying this idea to fig. 95, V a E a 
may be construed as SphutakEndra whereas V 2 Ei © may 
be construed as Madhyakendra. 

From the similarity of the triangles ©NM, and 

B,LM,£N=^ .'. eN=|MxLM=- 
LM E a M E a M 

?^ X 0K = ^ X H sin KE a © 

where E a M is termed the Karna and KE 9 , the Sphuta- 
kgndra is made the argument. Thus parallax in longitude 

which was originally formulated as Para X Hginjgj^ 

xv 

[in which case, the method of successive approximation 
vas called for), is now formulated as ?^ x H sin (KE 9 ©) 
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where that method of successive approximation is 
circumvented and where by the presence of K in the place 
of R, analogy is with the eccentric method of formulation 
of blghraphala and not that of Mandaphala. Also 

K- = E a M 3 = E a L 2 + ML a = (E a K— LK) a + ©K a = 

(E a K-M o y + © K a = (H cos KE a -Para) 3 + 
Hsin a KE fl 0. 

But if L be the lagna of the moment L = 90 — V 

so that H cos KE a = H sin 0L and H sin KE 3 = 
Hcos 01 1 • K* = (Hsin © L— Para) 3 + H cos 8 ©Las 
formulated in the verse. 

Fig. 95 is in the plane of the Ecliptic. The parallax 
in the vertical circle is projected on to the plane of the 

Ecliptic by taking |. H cos ZV as the Para, and deriving 

the parallax in longitude from this Para, 

Now, the doubt arises as to why the S'ighroocha is 
not taken to coincide with the Vitribha but is taken as 
removed 180° therefrom. 

Verse 10. H sin ZV (of fig. 92) is called the Drk- 
ksnepa of the Sun, which is considered to be north in case 
the northern declination of the Vitribha is greater than 

the latitude, otherwise south. 

« . € ™ m - h f in fi g- 9 6, AV be the Ecliptic whereof 

1 JVnp k 8C !u nt , ° r Lagna and V the Vitribhalagna. 
l.et EQRbe the celestial Equator. Let g be the decli- 

T* 10 ?*? ^Y Lbhd,l&gn& - Then if to** ZV, the 

arc of the the Drk-ksepa, (H sin zv being defined as the 
Dyk.ks.epa) as well as H sin ZV are considered to be north 
-Inns in fig. 96 it is north whereas in fig. 97 it is south. 
Un $g. 97, r is shown outside the celestial sphere, sigai- 



430 



fying that r is in the western hemisphere and is brought 
into view for clarity). 




Fig. 96 Fig. 97 

Verse 11 and first half of verse 12. Then the sum 
of ZV and the latitude of V assuming V to be the Moon, 
or the difference of the above two, as the oase may be 
according as both of them are north or of opposite 
directions, gives the arc whose Hsine is the Drk-ksepa 
of the Moon, The Drk-ksepas of the Sun and the Moon 
multiplied respectively by x \th of their daily motions and 
divided by the radius R (equal to 3438') are the parallaxes 
of the Sun and the Moon in latitude. The sum or 
difference of these parallaxes according aa they are of 
opposite or the same direction, is the true parallax in 
latitude in the context of a solar eclipse. 

Comms The true parallax in latitude sought above is 
the relative parallax of the Sun and the Moon in latitude. 
Suppose in fig. 92, VB is the parallax in latitude pertain- 
ing to the Sun and VB' that pertaining to the Moon; then 
BB' is the relative parallax, the difference being taken in 
this oase beoause both are of the same direotion. 

Parallax in latitude namely CD in fig. 92, we saw 

4H 

equal to VB which is equal to sin ZV, In other words 
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the parallax in latitude either of the Sun or the Moon is 

equal to — H sin of the zenith-distance of the respective 

Vitribhalagna wherever the Sun 5r the Moon be situated 
in their orbfts namely the Ecliptic or the Vimandala. Let 
H sin ZV be the Drk-ksepa of the Sun, V being the 
Vitribhalagna pertaining to the Sun and let H sin Zv 
be the Drk-ksepa of the Moon where v is the Vitribha- 
lagna of the Moon. (Eef. figures 98 and 99) Let K' be 
the pole of the Vimandala and vv % the latitude of v. Since 
v and V are in the proximo, the latitude of v may be 
taken to be very nearly equal to the latitude of V so that 
ZV + latitude of V is very nearly equal to Zv, In fig. 98, 
ZV — latitude of V is very nearly equal to Zv because both 
ZV and latitude of V are of the same direction. In fig. 99 
ZV+ latitude of V is very namely equal to Zv because both 
arc of opposite direction. Thus Zv = ZV + latitude of V 
approximately and H sin ZV and H sin Zv are the Drk- 
ksepas of the Sun and the Moon respectively. Having 

4 

got these Drk-ksepas — X Drk-ksepa gives the nati in 

XV 

each case ie. the parallax in latitude and the sum or 
difference of these natis as mentioned in the beginning of 
the commentary of this verse gives the relative parallax 
of the Moon with respect to the Sun which is called the 




Fig. 9? Fi$. 99 
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true parallaz in LMtaae. This trne parallax in latitade 
increase* or decreases the latitude of the Moon at the 

~ai^rr 6 ir - M u goin * to be mentioned - ^ 

In deriving the parallax in latitade from the respe- 
ctive Drk-ksepas, instead of using the formula | Hsine 

(Drk-ksepa) which is an expression in time, it is sought 
«o express the same in aro because the latitude of the Moon 
is expressed in arc and we have to take the sum or differ- 
ence of the latitude and the parallax in latitude to obtain 
the apparent latitude of the Moon at the moment of 
conjunction. In the case of the parallax in longitude we 
sought to express the same in time because the moment 
of apparent conjunction was sought therefrom. 

Latter half of verse 12 and first half of verse 13 
An approximate method of obtaining the relative paralla* 
in latitude of the Moon with respect to the Sun. 

The Hsine of the zenith-distance of the nonagesimal 
pertaining to the Moon or what is called the Moonl 
Dfk-ksepa multiplied by 2 and divided by 141 gives the 
revive parallax in latitude of the Moon whh r «o 
the Sun ; or working with the smaller table of Hsines 
(where R is taken to be 120) the Moon's Drk-ksepa hZ 
multiplied by 2 and divided by 5 and the result be ng 
increased by A ih of itself gives approximately the relative 
parallax in latitude. "»»"ve 

Comm. Herein, the Vitribha or the nonagesimal of 
the Sun is taken to concide with that of the Moon. In 
other words the Drk-ksepas (the Hsines of the zenith 
distances of the nonagesimals, of both the Sun and the 
Moon are taken to be identical. Then using the following 

^°T l ° n \ U * a Drk - k?epa e « ual t0 R > ^e relative 
parallax in latitude is equal to ^th of the difference of the 
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daily motions namely 48'-46", what will it be for an 
arbitrary Drk-ksepa ?>• We have 

D X 48'-46* _ „. 4 s| . 1Q * Rfi 

57™ . Converting ie. IW5 . i e 65 :„ f „ . 

3438 s g4:j8 • 13762 ie. into a 

continued fraction, this will be equal to 

70+ 1+ 1+ io+ 3 0f whloh a ver y approximate convergent 
is T f T as taken by Bhaskara. 

If the radius be taken to be 120, the coefficient of D 
will be *S 12§ = 1 11 2 

120 4a0 32 ~ 2+ 2+ 6 = 5 Very 
approximately. 

La*fcT fc a Z/ f verse 13 ^ ^ half 

fatit e ud 8 e yme th0d ' t0 00m ^ e th « P^llax in longitude and 

f« . Ta ^ ing rT fcheD ? k "? P a °f the Moon as well as the Sun 
VitrLa 6 ^ - 6h6 meridiaa ^nith-distance of the 
It m V ,° ° 8ine ° f ita meridian ^nith-distance 

the parallaxea in lati6ude 

longitude could be got from them respectively. 

Vi JSTS f aralIaX iD lon g itude is computed from the 

lom tof^ WhereaS ParaUaX in latitude ia 
of 1 V , i ? T ° r the Hsine of zenith-distance 
of the Vitnbha. Thus for both the purpose the Vitribha's 
position is important, whose zenith-distance and a itude 
give respectively the parallax in latitude and long ude 

vSh"s P aT! iC d e * S * HUle ° Umbr °- t0 

vitnbha s altitude and zenith-distance, an approximate 

procedures suggested. Obtaining the LcUnJ^TZ 

to&^V^ M r Uking him t0 -incide w th 
«ie Vitnhha by the method described in verse 3 of the 

Graha-echayadhikara, and using the formula z+»l? h! 

meridian zenith-distance of the Vitribha can be got. Tbis 

may be assumed to be the Drk-sepa approximately. Tbe 
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complement of the meridi a n-zenit nudist ance may be 
assumed to be the Vitribha-S'anku approximately. Then 
the parallaxes in latitude and longitude could be computed 
respectively from the two as described before. 

The following figure gives a particular nomenclature 
that was in the mind of Kamalakara, the author of 
Siddhantatattvaviveka. 




Pig. 99-A 

Latter half of verse 14. The purpose of obtaining 
the parallax in latitude, 
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The apparent latitude of the Moon is equal to the 
algebraic sum of his geocentric latitude and the parallax 
in latitude. From this apparent latitude are to be calcu- 
lated the Sthiti-khanda and Mardakhanda of the solar 
eclipse (by the method described in the chapter on lunar 
eclipse, taking the eclipsing body or grahaka to be the 
Moon and the eclipsed or Grahya to be the Sun). 

Comm. The geocentric parallax of the Moon has a 
double effect on the occurence of a solar eclipse as men- 
tioned before. If the parallax be resolved along the 
Ecliptic and along a seoondary to the Eoliptio, we have 
respectively the parallax in longitude and that in latitude. 
The parallax in longitude makes the apparent moment of 
conjunction at a given place, differ from the moment of 
the geocentric conjunction, whereas the parallax in latitude 
makes the magnitude of apparent latitude of the Moon at 
the place of observation differ from that of the geocentric. 
The apparent latitude is equal to the sum or difference 
of the geocentric latitude and the parallax in latitude. 
Having got the apparent latitude, the computation of the 
Sthiti and Marda-khanda3 could be done acoording to the 
method described in the chapter on lunar eclipse. 

For a point on the surface of the Earth, a solar 
eclipse occurs if the latitude of the Moon be less than MD 




Fig. 100 
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(vide fig. 100) where M is the centre of the Moon and MD 
the latitude of the Moon at the point of first contact 

MD = MB + BD = m + BED where m is the semi- 
diameter of the Moon's disc. But 

BED = BEA + AE8 = CBE — CAE + AES = P -p+s 
where P and p are the parallaxes of the Moon and the Sun 
and $ the angular semi-diameter of the Sua. Thus in 
order that a solar eclipse may be possible for some point 
of the Earth, the latitude of the Moon at the moment of 
conjunction must be less than P + s + m — p 
= 57' + 16' + 15' = 89' approximately. The lesser the 
northern latitude of the Moon at the moment of conjun- 
ction, more places situated on the surface of the Earth 
bet ween and F will have solar eclipse where F is the 
sub-solar point ie. the point of the Earth which has the 
San in the zenith at the time of conjunction. Similarly, 
if the southern latitude of the Moon is less than 89' at the 
moment of conjunction the places situated on the Earth 
between G- and P will have solar eclipse. In particular 
the sub-solar point P will have solar eclipse if the latitude 
of the Moon at the moment of conjunction is less than 
HD ie. less than s+m ie. 33' approximately. The sub- 
solar point will have no parallax, so that the terms P and p 
in P-fs+w— p vanish. For the other points ie. points 
between F and or G parallax will be there and the 
latitude may be greater than s -f m but less than 
a+w-t-P— p to have an eclipse. A latitude of 33' corres- 
ponds to a distanoe of 33 X 15 = ?? — 7A* f the Sun 

70 14 14 

with respect to a node. Thus if at the moment of conjun- 
ction, the latitude of the Moon be leas than 7°, even the 
sub-solar point must have an eclipse. 

Verses 15, 16, 17. To find Sparstekala, Moksakaia, 
S&mmilanakala and Unmllanakaia. 
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First compute the time called Sthiti-khanda (as 
mentioned in the chapter on lunar eclipses). The ending 
moment of local Amavasya or what is called the moment 
of looal conjunction is known as the Madhya-Grahakala 
or the moment of the middle of the eclipse. Subtraot the 
Sthiti-khanda from the computed time of Geocentric 
conjunction ; the result will be the approximate Spars'a- 
kala. This has to be rectified for parallax in longitude 
as well as the approximate Madhyagrahakala of geocentrio 
conjunction to obtain the local Spars'akala and the local 
Madhyagrahakala ; Similarly the Moksakala, the Samml- 
lana and the Un-mllanakalas are to be rectified for 
parallax in longitude. But while effecting this correction 
for the parallax in longitude, the Moon's latitude also 
differs for the corrected time which in turn effects the 
durations of Sthiti-khanda, Moksa-kbanda etc. Correcting 
the first computed Sthiti-khanda. Moksa-khanda etc for 
this variation in the latitude, and subtracting the Sthiti- 
khanda from the time of Madhya-graha, we have a better 
approximation for the Sparsfakala. In as much as parallax 
in longitude, that in latitude, and the Moon's latitude vary 
from time to time, and the times of Sparse, Madhyagraha 
etc are effected by them, the prooess of computation 
proceeds by the method of suooessive approximation. 
Subtracting the rectified Marda-khanda from the rectified 
Madhyagrahakala, we have the true Sammilanakala ; 
similarly adding the former to the latter we have the true 
Un-mllanakala. 

If, as mentioned before in verse 9, the parallax in 
longitude is found without using the method of suooessive 
approximation, the Spars'a-kala and the Moksa-kala are 
had at once. But the latitude of the Moon and the parallax 
in latitude are to be computed using the then longitudes 
of the Moon and the non-ageeimal. 



Comm. Clear. 
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Verses 18, 19. To obtain the true values of the Bhuja 
and the Istakala. 

The remaining work proceeds on the lines indicated 
in the chapter on ' lunar eclipses ' (ie. the computation of 
the Bimbavalana, Bhuja, Koti and the like is to be done 
as indicated there). The Bhuja will be rectified by multi- 
plying it by the Sthiti-khanda obtained by adopting the 
latitude of the Moon effected by parallax in latitude and 
divided by the Sthiti khanda rectified for parallax in 
longitude. Similarly given the grasa ie. the magnitude 
of the eclipse, the result found before by verse 15 in the 
chapter of lunar eolipses, is to be multiplied by the Sthiti- 
khanda rectified for parallax in longitude and divided by 
that obtained adopting the latitude of the Moon effected 
by parallax in latitude, and the result so obtained being 
subtracted from the Sthiti-khanda, we get the Ista-kala. 

Comm. Refer fig. 73. The Sthitifehanda is the time 
taken by the centre of the eclipsing body to go from C t to 
N relative to the eclipsed body, ie. keeping the eclipsed 
body fixed. The Bhuja at any intermediate point of time 
between the moment of first contact and the 'middle of 
the eclipse is NO of fig. 73 ; and the Istakala is the time 
elapsed between the moment of first contact to the 
moment when the centre of the eclipsing body oooupies 
any arbitrary position C. In the context of the lunar 
eclipse, the Bhuja was calculated by the formula (T — I) 
(wii— si) where T is the Sthiti-khanda, I = Istakala, m, 
and si the motions of the Moon and the Sun on the day 
o oncerned. This Bhuja may be also expressed in the form 
*/(R+r— gf— f$ l where R, r are the radii of the eclipsing 
and eclipsed bodies, of the grasa and B the latitude of the 
Moon at the middle of the eclipse. Given the grasa G, 
the for mula to find I the Istakala, is 

T — ^( R " t ~ r ~^) ~B t In the presenl! 00n texfe of the 

m 1 -s l 

solar eclipse, yS, the latitude of the Moon is effected by the 
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parallax m latitude, so that it is a variable. We are to 
make a correction for this variability, both in the com 
putation of Sthiti-kbanda, Bhuja and Ista-ksla. The 

formula for the Sthiti-khanda is *A J *+'M'-fl' . „ 

»>,—», ° 

is the latitude of the Moon at the moment of conjunction 
The value of MN at the moment of conjunction will no 
be equal to its value at any intermediate point because 
parallax in latitude differs from position to position oTSto 

"7b! Jt-fi he t r W °? A is variable - T»e formulae given 
for the reot.fioat.on of the Bhuja B or the Istaksla I are 

V = *±H and 1/ = ay - ■mE^EWx I where 

T' is the Sthiti-khanda rectified for the variability of & 

V is the Bhuja rectified for the same whereas T anl B are 
he values of the Sthiti-khanda and Bhuja o^mpu Z 

taking the effect of parallax in longitude above. 

°?u 0t °' Pari " aX in loa Sitnie is to propone or 
postpone the moment of first contact as well as that oJ 

Sphuta-Sthiti-khanda and Sphuteshuja-Sthiti-khanda 
The former is the Sthiti-khanda rectified for parallaxTn 
longitude whereas the latter is that rectified for partlla" 
in latitude by adopting & iustead of 8 in theLmuU 

where fir = fi ± of para „ al ^ 

Suppose on aooount of parallax in loneitude th« 
moment of first contact U becomes * +*/ L * 
moment of conjunction t, become £+$" tJ ' k° 
Sthitikhanda unnotified for parallax in longitude % 

+ (St,-tit,). This rectified Sthitikhanda is hallJi 
Sphuta-Sthiti-khanda. Kow the verse under comment^ 
gives a procedure to rectify the Bhuja, and Istaksla in the 
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wake of f} being effected by parallax in longitude. The 
formula for Bhuja is fo+r V ^J? wherein all quantities 

except £ may be taken to be oonstant. Suppose effected 
by parallax be comes If fa > fa Bhuja will decrease ; 

also the Sthiti-khanda whose formula is V (S+r) a -ff 



decreases if fa> fa Hence if T' be the new value of T 
the Sthiti-khanda, T' < T. In other words when /?'>/* 
B' < B and T' < T. Also if fa < fa both B' and T' will 
be greater than B and T respectively. Hence as a rough 
measure B and T are taken to vary together positively or 
negatively and as such proportionally. Though both 
increase or both decrease together, strictly speaking the 
concept of proportionality is there; but roughly speaking 
they are taken to vary proportionally which means 
B X T' 

B ' = f — • The fact that proportionality is not there 
could be seen in two ways. B - (T-I) ( TOl -,,) (1) with 
usual notation so that taking B and T to vary on account 
of variation in & gB = g T I not varyi ao 

T' (m, ~ Si ) - 1 (m, = (T'-I) ( 2 ). ' 

Dividing (1) by (2) B/B' = |z* which will be 

approximately equal to T/T' provided I is very small 
compared with T. Assuming so, B/B, could be taken to 

be equal to T/T, which means B' = 5-^1'as mentioned 

in the verse. Or again, considering the formulae for B 
and T and differentiating them with respect to £ and 
getting B' and T', we shall have the following working. 

B " = ^P^-^so that 2 BgB . 
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° r 8B = mJ^ fi -\ ; 8imi,arl y Ti = ( -5±r£z£ so thai 
2T gT = go that = -Z>#M_ 

B 1 - B+gB = B- ■ -ffiS and T'=T+8T = 



• 5! = B'-w T fw,-,,) (B a - W )T 
T 1 B(to,-«0 T 9 -^ B(T 9 -0<5/J) 

B G . 05/? 05/3 

anoe B"*"f 

1 T 

E* B 

T 1 f ' 

Regarding the finding of Istakala when g the grasa 
is given, we have the formula 

T -I - -2_ - ^ K+r-o)'-? so that patting T— I — < 

nit mi — Si ° 

t _ ^R+r-V-tf 9 . » . 

c — — 2 — — . . As 8 increase s t decreases so that 

m x —Si 

T— t inoreaees ie. I increases. Whereas as 8 increases T 
decreases. This means in a way that as T deoreases. I 
increases so that I is taken to be inversely proportional 

T y m 

to T ie. I' is taken to be ~~— aB given. 

Here also, it could be seen that the inverse propor- 
tionality is not striotly there ; for increasing both t and 
T decrease bo that T— t ie. I will increase only if the 
decrease in t is greater that in T. But t* 

66 
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(w.-s,) J ° ^(wx— a,) 1 

and T- = so that &T = m ~W . 

Thus we see that as inoreases both t and T decrease 
on account of the minus signs in §t and gT. Also if I 

were to increase, ^ should be greater than 

060 1 m i 

T {m 1 -s 1 f ie - J must be grater than | ie. 

T should be greater than t and this is so. Hence as 
increases t and T decrease but T-< increases ie. as T 
decreases T-i increases ie. I increases. So, roughly I is 

taken to be inversely proportional to T so that V = IX T 

T' 

If strict inverse proportionality is there, since, 
t (mi— si)* 

and T + gT = T'= T — — , , 

T (m, -s,) 2 and therefore 

must be roughly equal to T» which means T~rf = I 
must be email. In other words the formula of the verse 
holds good only for small I's or Istakalas. 

In fact this process of rectification of the Bhuja was 
first given by Brahmagupta in verses 18 and 19 of Surya- 
grabanadhikara and accepted by Srlpati in verse 14. 
The veree 19 under Lunar eclipses in the Surya- 
siddbaota also seems to indicate this process but uses the 
words Madhya-Sthifii-khanda and Spasta-Sthiti-khanda in 
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an ambiguous sense. Ranganatba in his commentary 
takes the Madhya-Sthiti-khanda to mean that rectified 
for variation i i 0, and Spasta Sthiti-khanda to mean that 
rectified for parallax. Some modern traditional commen- 
tators, for example pandit Sitha Ramajha commenting on 
the verse of the Suryasiddhanta and the commentator of 
the verses of Brahma 8phutasiddhanta published under 
the editorship of Acharya Rama Swarupa Sharma, have 
ignored the variation in and confined themselves only 
to the effect of parallax in longitude. 



Yet one more proof could be adduced in this behalf. 
Let D, be the moment of geocentric conjunction, t the 
time for a given grasa in between D and T the moment of 
first geooentric contact. Then the times D, t and T are 
6o be corrected both for parallax in longitude and that 
in latitude. Take the geocentric Sthiti-khanda, and 
geocentric Bhuja as the mean-values T and B and those 
corrected first for parallax in longitude as the True values 
T' and W. Also take the time t corrected for parallax in 
longitude to be V. We could write T' — T = g T, = 
and B'— B=gB. In the above, consider B expressed in 
time. Then D— T-S the mean Sthiti-khanda, D-£ = B 
the mean Bhuja, D'-T'=S', the true Sfihiti-kha'nda recti- 
fied for parallax in longitude, D' -t' = W the Bhuja also 
rectified for the same. The ^B=gD— $t, g! = gD gT. 
Then using the proportion " If for D— T we have gD -$T 
as the variation what shall we have for D— t ?" The result 

D— T 

B + gB-B'=D^+^^HSTl^gT) 

D—T 

« fD^(l.4- gPzlT^ = (D~0 (D+5D) -fT -j-^T) 
V D—T / U^F 

= (V—t) f D '— T ' ) = Mean Bhuja X True Sthiti-khan da 
D—T Mean Sthiti-khanda 



In other words to obtain the Bhuja rectified for 
parallax in longitude, we have to multiply the mean Bhuja 
by the Sthiti-khanda rectified for parallax and divide by 
the Mean Sthiti-khanda. Similarly to obtain the Sthiti- 
khanda rectified for the variation in latitude also, take 
the Sthiti khanda rectified for parallax as the mean and 
that rectified for variation in /? as the True and then by 
the same procedure, Bhuja rectified for parallax in latitude 
will be equal to Sthiti-khanda rectified for parallax in 
latitude multiplied by the Bhuja rectified for parallax in 
longitude divided by the Sthiti-khanda reotified for parallax 
in longitude Bhaskara gives the names Sphuta Sthiti- 
khanda and Sphuta S'araja Sthiti-khanda to the Sthiti- 
khanda rectified for parallax in longitude and that rectified 
further for parallax in latitude. The proof adduoed above 
accords with the statements of Brahmagupta, Srlpati and 
Bhaskara ; Rtnganatha bearing in mind Bhaskara's 
version puts a correct interpretation on verse 19, Lunar 
eclipses of Suryasiddhanta. But the usage of the words 
Marthya and Sphuta in that verse, misled the modern 
traditional pcholara including Burgess. If is to be men- 
tioned here that the word Koti translated as perpendicular 
by Burgess is misinterpreted by him (see his commentary 
under verse 19, lunar eclipses) as 1 The perpendicular is 
furnished us in time and the rule supposes it to be stated 
in the form of the interval between the given moment and 
that of contact or separation This translation goes 
against the definition of Koti contained in verse 18 just 
above, since the Koti of Suryasiddhanta is the Bhuja of 
Bhaskara and vice versa. 

We shall now see why there arose confusion in the 
minds of many modern commentators inoluding Burgess. 
The problem mooted by the Soryasiddhanta in calling for 
a rectification of the Koti, is to be noted as that when the 
grasa g is given and not the Istakala I. The two formulae 
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for Koti are and (T -I) (u-v). When I 
u—v 

is given we have to use the latter formula and take T" in 
the place of T where T, T' and T" are respectively the 
Sthityardhas (1) Mean, (2) Mean rectified for parallax in 
latitude and (3) Mean rectified for parallax in longitude. 
Of course here to arrive at T", method of successive 
approximation is to be used as goes on changing from 
time to time and there is an inter-play between the 
simultaneous effects of parallax in longitude and that in 
latitude. 

On the other hand when g is given we have to use the 
former formula for the Koti and the Koti thus obtained 
is to be rectified for the variation in /S. So Suryasiddhanta 
proposes the formula 

., { — £_ X —-meaning thereby that the correction 

u—v T" 

for the variation in ft is more important because the 
formula is in terms of /3 and not the other formula. This 
formulation is approximate but adopted for the sake of 
ease. Otherwise from the graea, I is to be obtained and 
the other formula could be used which method is more 
laborious. 

Bhaskara's Correction of Brahmagupta's Statement 

Verses 1, 2 3. The statement of Brahmagupta 
namely that the arc of the Moon's Drk-ksepa will be 
obtained by the sum or difference of that of the Sun with 
the latitude of the Yitribha, I (Bbaskara) do not accept. 
I shall give the reason why. In a place where the 
latitude is 24°. when the longitudes of the Sun, the Moon 
and the Node are all 180°, at the time of Sun-rise, the 
ecliptic occupies the position of the prime-vertical. The 
Moon will not leave the ecliptic even though depressed by 
parallax in longitude. Thus there is no parallax in 
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latitude. The Vitribha then being in the zenith, and its 
latitude being 4*°, the Drk-ksepa of the Moon aeeording 
to Brahmagupta's formula will be 4£° and therefore the 
parallax in latitude obtained by the Drk ksepa will be 
790'-35 H Bin 4£° 5i'-42" A ' . 

~TE~ x = liar 270 = 4 ~ 8 which fa 

the caee actually. 

Comm. Having thus shown the flaw in Brahma- 
gupfca's approximate formula, Bhaskara proceeds to show 
how that formula oould be justified in a particular way. 
Brahmagupta assumed the Moon's orbit to be the ecliptic 
because at the moment of an eclipse, the latitude of the 
Moon is very small so that he might be taken to be on the 
ecliptic In figure 101 let the Ecliptic coincide with the 
prime-vertical ZE. Let EV be the Moon's orbit where 
V is the Vifcribha of the Moon's orbit. The arc of the 
Sun's Drk-ksepa is here zero and tbat of the Moon's 
Drk-ksepa is ZV which is the sum of the arc of the Sun's 
Dtk ksepa namely zero aud the latituie of the Moon's 
Vitribha namely ZV, since the pole of the ecliptic now 
coincides with the south point S, which means that ZV is 
the latitude of V. 

Let VV be the nati which is equal to AB, since V'A 
is the so called Viksepa Sadrs'amandala or the deflected 
position of VE on account of parallax in latitude The 
four minutes of parallax in latitude is now VV'=AB This 
parallax is obtained because, Bhaskara argues, the nati 
obtained by Brahmagupta is there because he took VE to 
be the Ecliptic and so obtained that nati with respect to 
VE. Now Bhaskara says, this is to be corrected by the 
inference of the Moon's latitudes the original one and 
ihat obtained after the Moon is deflected by the parallax 
^n longitude. This difference is 0-AB=BA. Correcting 
^B with BA, the result is AB+BA=0 so that ultimately 
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there is no parallax in latitude ie. no nati at all, as should 
be the oase. 



Or, Bhaskara's argument could be better illustrated 
from figure 102. Let VS be tbe ecliptic where V is the 
Sun's Vitribha and S, the Sun. Let V'M be tbe Moon's 
orbit called Viksepamandala where V is taken to be the 
Moon's Vitribha and M the Moon. Let S r , M' be the 
deflected positions of the Sun and the Moon on account of 
parallax. ZV' = ZV+VV = the arc of the Sun's Drk- 
ksepa + the latitude at the point V called Vitribbalagna — 
Bana, as formulated by Brahmagupta that ZV is roughly 
equal to the Moon's Drk-ksepa-Dhanus, (Strictly speaking 
ZV ought to be perpendicular to the Moon's orbit V'M, 
if V were to be the Vitribha of the Moon," but, as the 
latitude is small, the error is negligible). Let LS' and 
L'M' be the so-called Kranti-Sadrs'a-mandala and Viksepa 
Sadrs'amandala or parallel drawn to the ecliptic and the 
Moon's orbit through the deflected positions S' and M' of 
the San and the Moon. S'w is the Sun's parallax in latitude 
ie. Nati. Similarly Brahmagupta took Wn' to be the 
nati of the IMoon as stated by Bhaskara. The error com- 
mitted will be therefore MV — &'n — (MV+o/w') — 
{&x-\-xn) = Wx f —xn) cancelling x'n' and S'w which are 
roughly equal. Also xn could be roughly taken to be equal 




Fig. 101 



Fig, 102 



448 



to MS. Hence the relative parallax is equal to Wx'— M8 = 
Difference of the latitudes of the Moon in his original 
and deflected positions respectively. Heooe 
8'»=M'»'-(M^-MS) = Brahmagupta's nati+correction 
of the difference of the latitudes reversely effected as 
stated by Bhaskara. ' 

In fact, Bhaskara has misread Brahmagupta's correot 
procedure, since the latter sought the relative parallax of 
the Sun and the Moon. 

Instead of adding the latitude at V to the zenith- 
distance of V (the arc of the Sun's Drk-ksepa) which 
implies additional computation of that latitude, as an 
approximate procedure, MS is added to ZV to get ZV/ as 
an alternate procedure as mentioned by Bhaskara in the 
course of the commentary. 

Whereas Brahmagupta was seeking relative parallax 
Bhaskara misread that Brahmagupta took MV as the nati 
and did not effeot the correction of (M'x— MS) to obtain 
8'w, which Bhaskara took to be the Sphuta-nati. Not 
effecting the above correction is interpreted as neglecting 
it since the Moon's latitude during the course of an eclipse 
is small. 



GRAHACCHAYADHIKSRA 



Verse 1. The orbital inclinations of the planets. 

The inclinations of the orbits of Mars, Mercury, 
Jnpiter, Venus and Saturn to the ecliptic are respectively 
110, 152, 76, 136 and 130 minutes of arc. The nodes of 
Venus and Mercury get rectified by adding their respective 
S'lghra anomalies to their values obtained originally. 

Comm. The values given above are said to be the 
mean values. Those given for the superior planets namely 
Mars, Jupiter and Saturn approximately accord with their 
modern values. Bhaskara says that these values pertain 
to that moment of observation, when the S'lghra anomaly 
is equal to 90+i H sin -1 a where a is Hsine of the 
maximum S'lghraphala. This is q»iite in order because 
when the S'lghra anomaly assumes the said value, the true 
planet is at the point of intersection of the deferent and 
the eccentric, which means that the planet is equidistant 
from Ej as well as E 2 (vide fig. 103). Identifying E x to 
be the earth's centre and E a to be that of the Sun in the 
case of the superior planets, the mean latitude of the 
planet observed will be the same as that observed either 
from the earth or from the Sun. Hence in the case of 
the superior planets, the maximum latitudes of the planets 
observed accord with the geocentric as well as heliocentrio 
observation. These are taken to be the mean values of 
the maximum latitudes. 

In the case of the inferior planets, it will be clear why 
the modern values of 7° and 3°-24' for Mercury and Venus 
are far higher than the Hindu values namely 152' and 
136'. Since the mean planet in this case is taken to be 
the Sun, the linear values of the latitude observed from 
E and S, the centres of the Earth and the Sun respectively 
w?ll be in the ratio SP/ES (vide fig. 104). 

61 
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Fig. 103 



Fig. 104 



In the case of Mercury this ratio is ft and that in 
the case of Venus is ft. Hence the values 490X4 and 
-jjp- ie. 168' and 142' roughly accord with the Hindu 

values In other words the Hindu values are geocentric 
and the modern heliocentric* 

Bhaskara adds that the nodes of Mercury and Venus 
as computed previously are to be increased by the Slgbra 
anomaly to obtain the actual longitude of the node from 
which the latitude is to be computed. This directive is 
a beautiful example to show implied heliocentric motion 
Let the convex angle ASN be the heliocentric longitude 
of the node measured negatively as the node has a negative 
motion along the ecliptic. Adding the heliocentric STghra 
anomaly to this longitude of the node means convex 

angle ASN4-USP=360 o +NSP-A8U=N8P--ASU. Now 

add the longitude of the planet ie. here ASU (=AES) to 
obtain the argument from which the latitude of P the 
planet is to be computed. The result is NSP as should be 
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Computing the latitude as indicated in the next verse, 
by the formula H Blp gSPXffXB where fi ig the max i mum 

latitude cited above in the respective oases, multiplied by 
& and divided by K indicates that the linear magnitude 
of the latitude will be increased or decreased according as 
E is smaller or greater than R. 




(a) In this context, we are to throw light on some 
moot points. Bbaskara says "jf^S* ?T^: sgrcjterdfoqo^ 
CTfft, a?T <TT3tsftr", which tantamounts to saying 

that the node is situated in the heliocentric orbit "STOEfll- 
The Vimandala or the planet's orbit, taking 
for example the inner orbit of P in fig. 105, does not 
exactly lie in the plane of the ecliptic as shown in that 
figure but is in an inclined position cutting the coplanar 
inrjer orbit in N and N', as shown by the ellipse NP-N-' 
where NP = NP'. The argument to calculate the latitude 

is NP' and the formula is H f'" ^P; x to give the helio- 

±v 

centric linear latitude. To obtain its geocentric linear 

R 

value, we have to multiply by =.. 
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(b) In the case of the superior planets, Bhaskara 
mentions in the Goladhyaya " iraVssqgr sftsTfiSJ fkmfa 
S**rr ^T^cTfT ^itST. " verse 22 (Goiabandhadbikara). 
This also clearly indicates that the orbits or the superior 
planets are also heliocentric, for, otherwise, there is no 
purpose of subtracting the S'lghraphala from the True 
position of the planet. The purpose in doing so is to 
obtain the heliooentrio longitude of the planet (vide 
fig. 106). 

True geocentric longitude of J is A / EJ=ASJ/. 

Subtracting the S'fghraphala EJS=JEJ/ from ASJ', 

we have ASJ the heliocentric longitude. Adding the 
retrograde longitude of N (fctf 3^ as cited above in 

verse 22) means adding ASN to ASJ which gives NSJ. 
This is the argument to calculate the latitude of J. 

(c) Bhaskara alludes to a confusion in the mind of 
Chaturvedacharya in this context while commenting upon 
verses 23, 24 in Golabandhadhikara (Goladhyaya), Chatur- 
vedacharya commenting on Brahmagupta's words (verse 10 
Grahayukti-adikara ch, 9, Brahma Sphutasiddhanta) 
exclaims, " The latitude of Mercury and Venus will be the 
same as what they are at the point of S'lghroccha ; correct- 
ness of the result alone is proof ; no other reason could be 
adduced !" Bhaskara clears his misconception in the 
following words. '* The number of sidereal revolutions of 
the nodes of Mercury and Venus mentioned in the chapter 
On mean motion, are to be increased by the number of the 
sidereal revolutions of the S'ighrocohas of Mercury and 
Venus, as mentioned by Madhava in his work l< Siddhanta- 
chudamani This means that the S'ighra anomaly is to 
be added to the position of the node obtained by the smaller 
number of revolutions given in the chapter on mean 
motion. 
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The misconception in the mind of Chaturvedacharya 
as well as the wrong notion in the minds of Madhava and 
even Bhaskara in construing that the number of revolu- 
tions of the nodes are to be increased by the namber of 
revolutions of the S'ighrocchas, are due to the fact that 
it was overlooked that the position of S'lghrocobas with 
respect to Mercury and Venus are given by their helio- 
centric longitudes. In other words as is mentioned by 
the verse '* tr^ift: tfW- qjfc ^fapmrfr " the S'lghroc- 
obas of Mercury and Venus are no other than the helio- 
oentrio positions of those planets. Thus the exclamation 
of Obaturvedacharya cited above arose out of thinking 
that the S'tghrocchas differ from the planets, whereas they 
are the same heliocentrically, though they differ geocentri- 
cally. Heliocentrically the planets longitude is (vide fig. 

105) ASP which is equal to A / EP / geocentrioally. The 
geocentric longitude of the planet is on the other hand 
A/BP differing from the above, though both the helio- 
centric and geocentric longitudes point to the same planet. 
Bhaskara, no doubt, gave a correct procedure but missed 
to identify the S'ighroccha and the heliocentric position 
of the planet. In this context, the reader ia referred to 
the author's ' peculiar concept of S'ighroccha in Hindu 
astronomy published in the journal of Oriental Research 
of the 8. V. University Vol. XIV, Part 2, Dec. 1971. 

Verse 2. The Hsine of the arc of the planet's orbit 
Vimandala intercepted between the nearer node and the 
planet multiplied by the maximum latitude of the planet 
cited, and divided by the S'lghrakarna gives the latitude 
of the planet at the given' place. 

Comm. From the formula akin to that which gives 
the declination of a point on the ecliptic namely sin g — 

sin A sin « or in the Hindu form H sin H sin A H sin <u 
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tr nin A _ H Bin A H sin i . . , , 

a 8in P w here is the latitude required, 

i the maximum latitude and X the arc of the planetary 
orbit intercepted between the nearer node and the planet. 
Since fi and i are small fl sin and H sin i could be taken' 

to be and i. Henoe we have * — ^' X H sin i 

R 



Since 



this value is had at the distance of the S'lghrakarna its 
value at a distance of R should be given by ' 

_ *H pin X v R _ i H sin X . 
P ~ R X K ^3 a s formulated. 

_ Verte 3. >/R^ H sin a v is called Yasti where , is 
Ayanavalana. The latitude fi of the planet multiplied by 
Yasti and divided by R or multiplied by H cos & where $ 
is the declination of the point whose longitude is 90+/J 
X being that of the planet and divided by R gives the value 
of the rectified latitude which could be added to the 
declination of the foot of the latitude to give what we say 
the modern declination of the planet 
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Comm. Let rM (fig. 107) be the eoliptic and rN the 
oelestial equator whose poles are K and P respectively. 
Let R be a celestial body whose latitude is B and whose 
modern declination is RL. Let M be the foot of the 
latitude oircle and let g be the declination of M. The 
Word Kranti in Hindu astronomy is applied to connote 
the deolination of a point on the ecliptic alone and not of 
any other point like R. RL is called Sphuta Krnnti which 
is equal to R'N=R / M+MN. RM is called Viksapa and 



R'M Sphuta ViJcsSpa. KMP is called the Ayanavalana at 
the point M of the ecliptio. Produce MP to P' where 

PP'=$ so that MK = MP=90°. Hence F is a right angle 



and KP/=KMP / =v = Ayanavalana, From the spherical 
triangle KPP', cos w = cos v cos ft. Draw perpendicular 
RR/ on MP so that MR/ =81= Sphuta Viksepa = /3 cos v 



the Sphutakranti R'N or RL, the modern deolination. 

Note (1) One Mukhopadhyaya, in his thesis ' The 
Hindu naksatras' submitted to the Caloutta University, 
mistook RM 7 to be the Sphutaviksepa instead of R'M and 
hastily remarked that Bhaskara was wrong in making RM/ 
less than RM. 

Note (2) v shown in the fig. 107, is called Sthaniya- 
valana or valana at the point M which is considered to be 

place of the planet c Sthana ' on the ecliptio. KRA, on 
the other hand is called Bimblya- valana or valana at ' the 
bimba or disc of the planet. 



Note (3) v could be obtained from the spherical 
triangle KMP where KM=90°, PM-90-& using the 



H cos v 
R 



. But H cost; = VR 3 -Hsui 2 w=Yasti 

iti X B , . , . . , , 
— — £ which is to be added to $ to obtain 
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formula oos <» = sin (90-$) cos v or in the Hindu form 

H cob v = R _ H CQ8 " . In this case ^ = ^ Hc0fl " 
Hcosg p Hcosg " 

Or again noting that MKP-90-A where a is the 
longitude of E, we could use 4 Inner side Inner angle 
formula ' with respect to the triangle KMP, which gives 

= sin 90 cot g-sin (90 -a) cot v or oot v = 00 1 01 

cos X 

or tan v = cos K tan co. But this formula implies the 
tangent functions which were not UEed by the Hindu 
astronomers. 

Similarly using the elements 9j-a, 90°, v, and 90-$ 
of the same triangle KMP, another formula could be got 

for v. Or again noting that KPM = 90+a, we could yet 
get more formulae where a is the Kight ascention of M. 

Note (4) Thus far we have used modern formulae,. 
Let us now see as to how Bhaskara derives his formula. 
He takes the^ triangle MKP' (fig. 107) wherein MK=90°, 

KP' = v and P'=90. From fig. 108, the Hsine of MK is 




Fig. 108 



KO equal to R where 'O* is the centre of the sphere and 
the Hsine of KP is KN so that it is the £yanavalanajya 
Hence ' 
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is the centre of the sphere and the Hsine of KP is KN so 
that it is the Ayanavalanajya. Hence 

ON»=OK'-KN' .-. ON-YaatiW B'-Syanayalao.jya- 

= Ayanavalanakotijya. From the similarity of the 
triangles OKN and GRF, 

OK _ GR . ft GRxON _ H sin MR X Yaati 

ON GF OK R '~~ 

GR could be taken equal to MR, the latter being 
small and GF could be taken to be equal to GR' ie. 
H sin MR' and so equal to MR'. 

• MR/ = MR XYasti 
R 

Adding MR/ to the declination of M, we get the 
modern deolination of R' ie. the Sphutakranti of R. 

Note (5) In fact the spherical triangle MKP is 
just like the spherical triangle rBz? (fig.). In the place 
of the paramakranti EZf, we have the Ayanavalana KP 
(fig. 108), and in the place of Dyujya Z?L (fig. 19) we have 
Yasti. 

Note (6) An alternative is given in the verse for 

this namely MR' = MRxHcos ft/ where ^ {g %he de(jli _ 

R 

nation of a point whose longitude is 90+1- In other 
words we have to prove that H cos v = H cos g/ or v = J}/ 
(of a point whose longitude is 90+ A. Since declination 

is given by the formula H sin g = H sin a X H sin o> 

R 

Putting 90+A for a, H sin = HcosAXHBinoj I 

R 



sin v __ sin 90—,* __ cos X 
sin at sin 90—6 oos 6 
69 



But from triangle MKP, 
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... 8in v = fin M cob j or H gin = HsincoXH oos a 

cos 8 H oos g 11 

Comparing I and IT, v would be equal to $/ provided 
Hooag=B. This is accepted as an approximation, as 
o is generally small. 

This approximate formula is given by SGryasiddhanta 
in the context of Ayana Drk-karma in verse 10, ch. 7 
where v iff assumed to be equai to defined above. ' ' ' 

Verses 4 and 6. The process called Ayana Drk-karma. 

The Ayana Drk-karma_eorreetion measured in minutes 
is obtained by multiplying Ayanavalana by the unnotified 
celestial latitude, and divided by H cos g and then 
multiplied by 1800 and divided by the rising time of the 
Bas'i which is ocoupied by the planet. Or again it is 
obtained approximately by the product of the Ayana- 
valana and the unrectified celestial latitude divided by the 
Yasti. 

This Ayana Drk-karma correction is negative if the 
hemisphere and the latitude have the same direction. 

_ On symbols, Ayana Drk-karma correction =* 
Ayanavalana X Rx 1800 

H cos gXT ° r a PP roxin >ately equal to 

QX Ayanavalana 
Yasti ( = H cos v) ' 

Comm. Let G be the position of the planet when the 
foot of the planet's secondary (called Grahasthana) to the 
Ecliptic namely A is rising, where rCA is the Ecliptic. 
Let rML be the celestial Equator. Let P and K be the 
poles of the celestial Equator and Ecliptic respectively. 
The arc AO of the Ecliptic intercepted between A and the 
declination circle of G expressed in minutes represents the 
3TR5T^t: formulated in the verse. To find the magnitude 
pf AC, the first formula mentioned above envisages finding 




Fig. 109 



it through the magnitude of ML the corresponding 
Equatorial arc which is itself found through finding the 
magnitude of AB. AB expressed in minutes will be equal 
to the number of asus taken by the declination circle of G 
namely PGB to have traversed from the position PDA to 
PGB which is the time taken by the planet G to be at its 
position from the moment of its rising at the Equatorial 
horizon namely PDA, D being then its position. When 
G was at D, K, the pole of the Eoliptic should have been 
itself rising on the Equatorial horizon. Thus it is sought 
to find the time expressed in asus taken by K from its 
moment of rising on the Equatorial horizon to its present 
position at K. When Bhaskara mentions in the commen- 
tary under the verse that 4 ' feftan^mtan: tftqferarai* 
3*5*^ by the word fqrfiRr, he had at the back of his mind 
SfTfe%3T ie. Equatorial horizon and not the horizon of 
the ,piace shown in the figure. Also as was mentioned 
before in a previous context the time expressed in asus 
taken by an equatorial arc to rise is equal to the number 
of minutes in that arc. Since the time taken by the 
planet to traverse the arc of the diurnal oircle namely DG 
iB the same as the time taken by the equatorial arc LM 
to rise, Bhaskara seeks to find the number of minutes in 
AB, then compute, the number of Asus taken by LM to rise 
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through whioh the number of minutes in AC could be 
computed. 



AB=AG Bin AGB = 

A GxH sin AGB _ flXAyanavalaaaiva , « 

^ wnere AG — Q, 

In the formula given the word Ayanavalana is used for 
Ayanavalanajya ie. the Hindu sine of Ayanavalana for 

brevity. Also, since generally the angle AGB defined as 
Ayanavalana happens to be small, its Hsine will be almost 
equal to it. In this sense also the term Valana is used 
where Valanajya is to be used. 

From AB we pass on to the magnitude of LM. From 
Hindu spherical Trigonometry 

LM = „ ABXR = AB XB = SXAyanavalanajya v , 
H cos AL H cos $ r — X 

R _ &X Ayanavalanajya fTT 
H cos & H ooad * ( C0S ° 18 oalled Dvu jya 

which is connoted by the term Dyu-guna in the verse, the 
words Jya and Guna being synonymous). 

Thus LM = & X A yana^valanajya 
Dyu-guna 

From LM we pass on to the corresponding arc of the 
Ecliptic namely AC, whioh does not imply the latitude of 
the place. So we have to use what are called Niraksha- 
Udayas of Basis ie. the rising times of the BaVis at 
Equatorial places. Bule of three is used here to find AC 
from LM. Locating the particular Kas'i in which the 
planet is situated, and using the proportion. " If a Kas'i 
of 30° ie. 1800' of the Ecliptic rises at an Equatorial place 
m say x asus, what arc in minutes corresponds to the 
number of minutes or what is the same the number of Asus 
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in the arc LM?" We get the magnitude of the arc AC in 
minutes. 

The computation of this arc AC is intended to know 
the difference between the times of rising of the point A 
and the point G the former being the point of the ecliptic 
signifying the position of the planet and the latter being 
the planet itself. This difference of the times of rising is 
itself required to know the actual time of rising of the 
planet by a knowledge of the time of rising of the point 
which signifies the planet's position on the Ecliptic by its 
longitude. 

In verse 5, Bhaskara gives an alternate and easy 
method of obtaining the magnitude of AC construing AGC 
to be roughly a plane triangle which does not involve any 
appreciable error. 

AC = AG tan AGO = ffxHsin AGO 

H cos AGC 

/JXAyanavalanajya . 
= Yasti — " Smce ?til 18 defined aB 

H cos AGC in verse 3. 

Note. The point C is called the Krta-Ayana-Drk- 
Karma Sthana ie. the point of the Ecliptic signifying the 
planetary position rectified for the Samskara or correction 
called Ayana-Drk-karma. The longitude of C thus got 
is called the polar longitude of the planet which is defined 
as the longitude of the planet as measured on the Ecliptic 
upto the point of intersection of the planet's declination 
circle with the Ecliptic. Bhaskara mentions elsewhere, 

ra&nrs.s*iit%*T steers* ?r«rr a^n " 

S3 

ie. in the case of stars which are fixed, the Sphuta-^aras 
or polar latitudes (given by GC in the above case) are 
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given and longitudes rectified for Ayana Drk-karma are 
given ie. polar longitudes. Bhaskara made this as an 
approximate statement, for, we know, even in the ease of 
stars, though they be fixed, their polar latitudes also do 
change by the precession of equinoxes be it just a little; 
whereas their polar longitudes do not change by the same 
constant quantity as their celestial longitudes. 



Verses 6, 7 and 8. Obtain the Carakhandas or 
ascentional differences of the Sphuta and Asphuta Krantis. 
If they be of the same direotion their difference is to be 
taken, if of opposite direction, their sum is to be taken. 
The result in asus gives the Aksa Drk-karma correction if 
the celestial latitude is of appreciable magnitude. If it 
be not appreciably Jlarge, it (the celestial latitude) is to be 
multiplied by the Aksavalana, then divid by H cos or 
what is the same, multiplied by the equinoctial shadow 
and divided by 12, The result is to be multiplied by the 
radius and divided by H cos g. Then we have the Aksa 
Drk-karma correction Jn asus. Assuming the planet's 
position corrected for Ayana Drk-karma to be the Sun 
obtain the lagna using the asus of the Aksa-Drk-karma! 
If the planet has a southern latitude let the lagna" be found 
in the positive direotion ; otherwise in the negative dire- 
ction. Then we have the rising lagna of the planet or 
what is the same the longitude of the rising point of the 
planet. Again assuming the planet's position increased 
by 180° to be the Sun, and using the asus of Aksa Drk- 
karma, obtain the lagna in the positive direction with 
respect to a northern latitude of the planet or else in the 
negative direction. The result gives the longitude of the 
setting planet or what is called the Asta-lagna. 



Comm, (Refer to fig. 110) Let p be the planet whose 
Graha-sthana or foot_ of the latitude is p'. Let q be what 
is called the Krta-Ayana-Drk-Karmaka-Sthana or the 
planers position oorreoted for the correction of Ayana 
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Fig. 110 



Drk-karma. (This correction is given by the arc p'q). 
The difference of the rising times of the planet p and q 
expressed in asus is what is sought here. The planet p 
rose at a and has covered the arc ap of the diurnal oircle 
after rising. So, we have to compute ap and therefrom 
the corresponding arc of the Equator namely AC. If the 
planet has no latitude ie. is situated on the ecliptio at p', 
thearop'tfor Ayana Dtk-karma vanishes, for, the Ayana 
Drk-karma is no other than the projection of' the latitude 
of the planet on the eoliptic taking P or celestial pole as 
the vertex of projection. Also if there were no Aksa ie. 
if the place be equatorial, p and q rise simultaneously ie.' 
the planet will rise along with the point oalled Krta- 
Ayana-Drk-Karmaka-Sthanajr, mentioned above. In fact 
the Drk-karma corrections Ayana and Aksa are contem- 
plated to obtain the difference in the rising times of p and 
p' ie. the planet and its position on the eoliptic This 
time is resolved into two parts (i) the difference of the 
.rising times of^'andg and (ii) that of the rising times 
of q and p. The former is given by the equatorial arc 
BO which goes by the name Ayana-Drk-karma and the 
latter by the arc AO which goes by the name Aksa-Drk- 
karma. The algebraic sum of these two correction's gives 
the difference of the rising time of^p and p' ie. the time 
given by the arc AB. Here AB-AO-BO, In verses 
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4, 5 we have Been how BC is computed. Here we 
seeking to compute AC through the corresponding arc 
of the diurnal oirole. 



^ The verse uses the word Sphuta-Kranti, Asphuta- 
Kranti, and their Cara-khandas. Here in the figure pO 
is the Sphuta-Kranti and p'B is the Asphuta-Kranti or 
simply Kranti. Also ppf is ealled Asphuta- Viksepa and 
bp' Sphuta-Viksgpa. Sphuta-Kranti =#c = IB = bp' +p*B = 
Sphuta-Viksepa+Asphuta-Kranti. In other words the 
declination of p t the planet, is called Sphuta-Kranti and 
that of its longitudinal position on the ecliptic namely p* 
is called Asphuta-Kranti or simply Kranti. We have 
obtained Sphuta-Kranti from Kranti by adding to the 
latter the Sphuta- Viksepa. The method of obtaining 
Sphuta- ViksSpa from the Viksepa, otherwise called Viksepa 
Sphuta-karama was dealt with in verBe 3 above. 

Now we have to define the Cara-khandas pertaining 
to the Sphuta-Kranti pG and the Asphuta-Kranti p'B 
The former is defined as AE and the latter by CE very 
approximately. We say very approximately because when 
p f comes to the horizon, the Cara-khanda will not be 
exactly EC but a little more or less than EC since 
By^Cg. In other words, the arc of the equator between 
the declination circle of q while rising and the equatorial 
horizon ie. AE is defined as the Cara-khanda of pC * 

a*** n£ ° E 18 that ° f P ' B - Their d ^rence is 
AE-CE-AC. If we use the modern notation, we have 

to take their algebraical difference. If that be done the 

alternative ease of adding the Cara-khandas when' the 

Sphuta and the Asphuta-Kranti are of opposite directions 

will be automatically implied. The asus pertaining to' 

this arc AC will be the correction of Aksa-Drk-karma as 

mentioned in verse (6) when the latitude of the planet is 

appreciable. These asus will be equal to the time taken by 

p the planet to oover the arc ap or what is the same the 
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tim« in between the moment of rising of p »nd that of a 
the position of the Krta-Ayana-Drk-Karmakagrah*. 

When the latitude- is very small, an approximate 

estimate of this correction is given in asus as 

# * H 8i f * X R or ft***™* y B 
Hoostf Hoosg Hoos<£ Hoosfc* 

That this formula is (fi'=qp) only approximate is seen 
from the fact that H sin £ ^ H sin <£. This second 
formula can be proved as follows. 



Aksavalana in asus = XH sin ^ x B whn _. 
ft is the Sphata-Viksgpa. Taking qpa as a plane triangle 
pa—qp b*n pqa = qpXta,n PEw approximately 

= Sphuta-Viksepa X g sin . Hence 
H cos 

Af! _ fl'XHsin v E 
formula ie. 

Aksavalana in asus = ffiXH bid £ ^ B 

H cos ^ H cos g ' 



= » tan W = qpXMBinpq a _ Here instead 
H cos pqa 

H cos pqa which is Yasti previously defined, H cos PEw 
ie. H cos an approximate value is substituted, because 
the latitude is small. Having obtained the value of pa 
it is then reduced to the Equator by multiplying by B and 
dividing by H cos The convention with respect to 
the sign is clear. The idea of Kramalagna and VilSma- 
lagna may be eluoidated as follows. In fig. no, q is on 
the horizon rising whereas p had already arisen/ So to 
59 
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obtain the ruing time of the planet p, which oooured 

before that of q, Vilomalagna or an anterior point of time 
is to be computed, and this is done by subtracting the asus 
of Aksa-Drk-karma from the rising time of q. The rest 
follows on these lines of eluoidation. 

Verse 9 The planet rises at the time known as its 
Udayalagna (which is to be computed as aforesaid) and 
it sets at the time known as its Astalagna (which is also 
to be computed as mentioned before). 

Comm. Clear. 

Ve ?T ™ ? UriDg the night ' afe a S iven moment, the 
computed Udayalagna of the planet is less than the 
particular lagna of the moment, ie, if the longitude of the 
Udayalagna is less than that of the current lagna and 
T ? ' he /f ala g D * of the planet computed is greater 
than that of the then current lagna ie. if the longitude of 
the Astalagna is greater than that of the current lagna 
the planet ,s visible ie. above the horizon. In the case 
of the Moon, however, if he is not eclipsed by the rays of 

>!i k ; o may be Vi8ible even shortl * af * Gr Sunme or a 
little before Sunset m contradistinction to a planet which 

Venn*? 86611 ^ dUdDg day time < exce P fc P^aps 
Venus). When a planet is visible, his gnomonic shadow 

could be computed. (This does not mean that the gnomon 

casts a shadow of the planet but means that its zenith- 

distance could be computed according to the methods 

described in Trlpratfnadhikara. MB 

Comm. Clear. 

Verse 11. To obtain the shadow, the time that has 
elapsed after the rise of the planet is to be known, 

nlnnJ? ^ "T 1 ^ t0 fiQd thG 8*™°™ B^dow of the 
planet, then the current lagna and the Udayalagna of the 
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planet at the moment are to be computed. The time in 
between the two lagnas, which will be in Savana measure 
pertaining to the planet gives the time that has elapsed 
after the rise of the planet. 

Comm. According to computation, the difference of 
times of the current lagna and the Udayalagna as com- 
puted taking the present position of the planet will be the 
time measured along the diurnal path of the planet and as 
suoh is in Sanava measure. 

Bhaskara mentions here a very subtle point. In the 
analysis the latitude of the planet is taken into account 
while finding the Udayalagna. Time measured in this 
case is called Ksetratmika and not Kalatmika for the 
following reason. Suppose A is the Udayalagna of the 
planet and B the current lagna both points being on the 
ecliptic. Let us say that the current lagna is posterior to 
the Udayalagna (there is no loss of generality in supposing 
this). By the time of the current lagna, the planet is no 
more at A but will have moved a little towards B. Let the 
present position of the planet on the ecliptic be A' The 
corresponding arc of AB on the equator gives the sidereal 
measure of the time that has elapsed after the rise of the 
planet whereas the corresponding arc of A'B on the 
equator gives the Savana measure of the same time. Here 
this Savana is that pertaining to the planet and not that 
pertaining to the Sun which is Saura Savana. In other 
words it is the Savana pertaining to the particular planet 
because the arc AA' is traversed by the planet in question 
as per its own velocity. 

The stress is here on the word Tat-Kala-graha, ie 
the longxtude of the planet at the moment at which the 
shadow or the zenith-distance of the planet is sought. 
Taking this as the position of the planet and taking the 
latitude of the planet also into account compute the 
Udayalagna. This will be A' cited above. To obtain the 
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■idereal measure of the same time we have to take A and 
not A'. 

Vera* 12. Savana measure alone is to be employed while 
finding the gnomonio shadow ie. while the zenith-distance 
of the planet is to be oomputed, because the arc of the 
diurnal circle of the planet indicates only Savana measure. 
Suppose the Udayalagna falls short of the current lagna, 
then the Bh5gyakala ie. the remaining rising time of the 
Rasri in which the planet is situated added to the elapsed 
time of the Basri of the current lagna together with the 
Bam of the rising times of the Bas'is in between gives tht 
difference of the Udayalagna of the planet and the current 
lagna. 

Comm. (Ref. fig. 111). Let p be the planet's place 
on the Ecliptic at the moment in question when the lagna 
is L (or the foot of the latitude of the planet 
in case it is not on the ecliptic). Let PA be 
the remainder of the Rasti in which the 
planet is situated. Then the time of rising 
of the arc PA is here termed Bhdgyakala. 
Let DL be the arc of the Rasfi in which the 
current lagna L is situated, which has arisen. 
The time of rising of this arc DL is called 
Bhuktakala. The times of risings of the 
Ratfis in between namely AB, BC, CD are 
called Madhyodayas. The sum of the rising times of 
PA, AB, BO, CD, DL giveB the time in between the rise 
of P and that of L which is the time that has elapsed after 
the planet has arisen upto the current Lagna ie. the rising 
lime of L. 

Vtrte 13. The method of computing the gnomonio 
shadow of the planet or what is the same the zenith- 
distance of the planet, as per the method of computing 
that of the Sun (extended to the case of the planet) after 
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finding the Sphutakranti (ie. modern declination) of the 
planet. 

The Kranti of the planet or the declination of the foot 
of the latitude of the planet added to the latitude rectified 
called Sphutasara, gives what is called Spastakranti of the 
planet and its Hsine is called Spasta-Krintijya. From 
this H sin d, H cos £ etc. is to be computed (as mentioned 
m Triprasmadhikara in the context of finding the zenith- 
distance of the Sun). Prom the Jime that has elapsed 
after the rise of the planet called the Unnata, the shadow 
is to be computed as in the case of the Sun's shadow 
Having thus computed the shadow or what is the same the 
zenith-distance of the Moon or that of the stars, the instru- 
ment called Nalaka could be pointed to the spot where 
that celestial body is situated. 

Comm. The words Kranti, Spastakranti were 
explained before. Also the method of calculating the 
zemth-distance from a knowledge of the declination was 
described before in Tripras'nadhikara. 

Verses 14, 15. Consideration of horizontal parallax 
in the case of visibility of the Moon or planets. 

H cos z or what is called the Mahas'anku of the Moon 
or planet is to be reduced by= T Vth of the respective 
daily motion gives the visible S'anku when the radius is 
taken to be 3438. If the radius is taken as 120, jf^th of 
the daily motion is to be subtracted. If H cos z is less 
than T Vth (or 5 J th) of the daily motion, then the Moon 
is not visible. This applies to the other planets as well 
but as this is a neglible matter, [the aarlier Acharyas did 
not suggest this. 

Comm. In the context of the subject of parallax we 
mentioned that in the case of the Moon, the horizontal 
parallax happens to be X V of the Moon's daily motion 



470 



^proximately. The aame ig extended to the case of th„ 
taking the radius to be 120 only instead of 343s! 12 of 
three is applied as follows. " If th e radius be 3488, JL 
is parallax, what will it be if the radius be 120?" Thf 

— X 120 = v • _ V 

15 3438 3438/8 ~ 430 Very a PP roxima tely as stated. 

ffio ,J f n ^ C0S z he J 6ss j h ™ ^ A*h or rfrfh of the daily 
motion, the parallax does not allow the Moon to be seen 
Bhaskara specifically talks about the Moon only because 
paraZ T ™ n0t ^ < he ™tion of 

Verse 16. If an operation is neglected because its 
effect is not appreciable, or is not of much use, or because 
it is apparent, or if it implies great labour, or again if 
it implies a lot of exposition that would make the text 
unduly voluminous, ignoring the necessity of that oner- 
ation should not be treated as wrong. 

Comm Here Bhaskara upholds the earlier Aofaaryas 
not stipulating parallax in the case of planets, because i 
is not appreciable. 



Here ends Graha-ochayadhikara. 



GRAH0DAYAST5DHIKARA 



Verse 1 and first half of verse 2. 

The Udayalagna of a planet is termed frak-Drk-graha 
and the Astalagna is termed the Pa^chima-Drk-graha. 
If the Prak-Drk-graha happens to be less than the current 
lagna the planet had already risen. If it be greater, the 
planet is still to rise. Similarly if the Pa^chima-Drk-graha 
is less than the current lagna, the planet had already set • 
otherwise is yet to set. ' 

Comm. The words Prak-Drk-graha and Patfchima- 
Drk-graha are coined to indicate the points of intersection 
of the ecliptic with the eastern and western horizon 
respectively when the planet is rising or setting, when the 
planet has latitude. When the planet has no latitude 
Prak-Drk-graha coincides with the rising planet and the 
Patfohima-Drk-graha with the setting planet. When the 
planet has a latitude, the foot of the latitude, which 
signifies the planet's position on the ecliptic differs from 
the two Drk-grahas. In this case ie. when the planet has 
a latitude the Prak-Drk-graha's longitude will be less than 
that of the planet's longitude whereas the Pa^chima-Drk- 
graba's longitude will be greater than that of the planet 
If x and y be the differences of the longitudes of the planet 
and those of the Drk-grahas respectively, it is clear from a 
figure that tan X = glA and tan , = £l£ where „ is ^ 

latitude of the planet and and <* the angles which the 
ecliptic makes with the horizon at the planet's rising and 
setting respectively. 6 

Since and are then respectively the zenith 
distances of the pole of the ecliptic in each case, and sinq e 
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in the course of half a sidereal day, these zenith-di*tances 
ooald not be equal, x and y cannot be equal. 

Second half of verse 2 and verse 3. To find the side- 
real time in between the given time and the time of the 
planet's rising. 

Find the time that has elapsed after the planet's rise, 
from a knowledge of the Istalagna at a given time and 
Prak-Drk-graha ie, the longitude of the rising point of 
the ecliptic at the time when the planet rises. 

This time will be in Savana measure, because we have 
taken the planet's position at the given moment and not 
the position of the rising planet. From this time, know- 
ing the daily motion of the planet of the day in question, 
obtain the arc ; that would have been traversed in between 
the moments. Subtracting this arc from the planet's 
position at the moment, the planet's position at rising 
would be obtained approximately ; approximately, because 
as per the procedure enunciated in verse eleven, Graha- 
eohayadhikara, the Prak-Drk-graha of the rising planet, 
and that obtained from the position of the planet at the 
moment differ. From this approximate time again com- 
pute the arc that would have been traversed by the planet 
during that time. Subtracting this arc which is nearer 
the truth from the planet's present position, we obtain a 
more approximate position of the rising planet. Again 
computing the Prak-Drk-graha from this position, calcu- 
late the time from this Prak-Drk-graha and the lagna of 
the moment. Repeating the process we will obtain 
the actual sidereal time in between the given time and 
the actual rising time of the planet. It is sidereal because, 
we have found the time as per the procedure of verse (11) 
referred to, where we have used 3?^T55%2?t3^f and not the 
actual ,%St^r } i.e the rising lagna of the planet obtained 
from the present position and not that of the rising planet, 
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This difference between the nature of the times was already 
dealt with. 

The matter of this verse appears to have been 
unnecessarily complicated by Bhaskara but on careful 
scrutiny it is not so ; for, the problem is to find the time 
that has elapsed after the rise of the planet opto a given 
time. Here the data are the given time and the corres- 
ponding position of the planet not on the horizon bat 
elsewhere. We oould not know immediately the time at 
which the planet rose. To find it alone, this method of 
successive approximation has to be used and there is no 
other go. Had we known the position of the planet while 
rising, the corresponding Prak-Drk-graha could be found 
exactly and as this position of the Prak-Drk-graha is a 
point of the ecliptic and the Ista-lagna ie. the" rising point 
of the ecliptic at the given moment is also a point on the 
ecliptic, the time between the moments of rising of these 
two points of the ecliptio could be found in sidereal 
measure directly by noting the rising times of the Rsteis in 
between, without an appeal to the method of successive 
approximation. 

Verse 4. The computation of the times of heliacal 
rising and setting of a planet in contradistinction to its 
rising time during a day on account of earth's diurnal 
rotation. 

The times of rising and setting of a planet have been 
dealt with. Now I shall tell the procedure to be adopted 
in oomputing the times of heliacal rising and setting of a 
planet. If a planet has a daily motion leas than that of 
the Sun, it rises heliaoally in the east, and sets in the 
west ; otherwise the reverse. 

Comm. Take the example of the superior planets, say 
that of Jupiter. Since Jupiter moves slower than the'sun, 
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the Sun will have to overtake Jupiter and not vice versa. 
When it is the San that is to overtake, taking a position 
of Jupiter near the western horizon gradually the planet 
gets fainter and fainter as the Sun approaches him from 
west to east. Ultimately one evening the planet ceases 
to be perceptible within a particular distance of the Sun. 
This we call heliacal setting of the planet. Having thus 
set in the west, after a few days the planet rises in the 
east. This is so because, after the planet's heliacal setting, 
the Sun gradually approaches the planet from west to east ; 
at a particular moment will have a longitude equal to that 
of the planet and then gradually gains in longitude over 
the planet. After a few days, in the eastern horizon, the 
planet will emerge from the rays of the Sun before Sun- 
rise ; it is not the planet moving west from east but it is 
the Sun moving from west to east so that the Sun recedes 
away from the planet towards east. The planet also will 
be having a motion from west to east but it being slower 
than that of the Sun, the latter gains over the former in 
its motion from west to east. 

In the oase of the inferior planets, say for example, 
Mercury, the velocity of Mercury is greater than that of 
the Sun ; as such, Mercury will be overtaking the Sun and 
not vice versa. Thus in the eastern horizon, it is Mercury 
that enters the rays of the Sun, going from west to east, 
so that he sets in the east. After a few days of this 
heliacal setting, Mercury acquires a longitude equal to 
that of the Sun, and while overtaking the Sun from west 
to east, he emerges out of the rays of the Sun in the west, 
Which is therefore heliacal rising. But, when Mercury is 
retrograde, the case is different. Some days after heliacal 
rising in the west, Mercury attains his maximum elonga- 
tion and then begins to retrograde. The elongation then 
gradually decreases, and he will set again in the rays of 
the Sun in the west itself. A few days thereafter, still 
continuing retrograde, he emerges out of the Sun's rays 
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in the east, thus rising heliaoally. After attaining the 
maximum elongation in his retrograde motion, his motion 
will then become direct, so that he again approaches the 
Sun, going from west to east. Next a little before 
overtaking the Sun, he sets heliaoally in the east and 
thereafter, having overtaking the Sun, he rises heliaoally 
in the west. 

Here, one point is to be mentioned. The time between 
Mercury's maximum elongation in the west and again the 
maximum elongation in the east (which are termed 
maximum eastern elongation and maximum western 
elongation with respect to the Sun) will be far less than 
the time between the maximum elongation in the east 
(le. maximum western elongation with respect to the Sun) 
and that in the west (ie. maximum western elongation 
with respect to the Sun) in as much as when Mercury is 
retrograde, and the Sun having always direct motion the 
relative velooity will be the sum of the retrograde velocity 
of Mercury and the direct velocity of the Sun. 

In the case of the superior planets, as mentioned 
above, the superior planets set heliaoally in the west and 
rise heliaoally in the east. They will not rise heliaoally 
in the west and will not set heliaoally in the east whioh 
happens only if either the superior planet has a greater 
velocity than the Sun or the Sun has a retrograde motion 
whioh is never the case. 

Verse 6. Speciality with respect to Mercury and 
Venus. 

Mercury and Venus rise heliaoally in the west in their 
direct motion, (attain maximum elongation before they) 
become retrograde, set heliaoally there itself, then rise 
heliaoally in the eaBt continuing to be retrograde, (attain 
maximum elongation there before they) next become direct 
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^gradually set there (to rise again in the west) as 
Comm. Explained above. 

Verse 6. Kalamstas or distance in degrees from the 
bun within which the planets rise or set heliacally. 

The Kalams'aa with respect to the Moon, Mars Mer- 
cury, Jupiter, Venus and Saturn, or the degrees of distance 

f Q V ! !" WitMn which th ^ »se or set heliacally are 
a tt' ' * ' 16 res P ectivel y- In the case of Mercnry 
and Venus when they are retrograde the Kalam^as are 12, 
and 8 respectively. ' 

Comm. The Kalams'as given above depend upon the 
lum.nosity of the respective planets. When Mercury and 
Venus happen to be retrograde, the KaWas happen to be 
2 less in each case because they are then nearest to the 
earth and as such being most luminous as seen by us will 
not set heliacally till they are very near the Sun. 

Verse 7. To compute the moment when a planet 
rises or sets heliacally. p ml 

If it is to be known when a planet rises or sets helia- 
cally the position of the Prak-Drk-graha or the Patfchima- 
Drk-graha as the case may be (Prak-Drk-graha in case the 
rising or setting takes place in the east or the other in the 
other case) and that of the Sun also are to be computed on 
a day a little before the day of rising or setting as 
prognosticated by the S'lghra anomaly. In case the planet 
rises or sets in the west, to obtain the lagna the position 
of the Sun is to be increased by 180°. 



Comm. Clear. 
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of ver,e 8 - To obtain wbat » e 

The time between the rising of the planet or of the 
Drtgraba and that of tbe Sun measured in ghatis multi- 
plied by six gives what are called Ista-KalSmstts. 

the n7 m ' K HaViDg f ° aad the »PP«>«mate position of 
J£i ?l ^ aS 1 mentioned ab °™ when the planet is 
likely to rw or set heliaoally, let the time in between the 
"Bing of this Drk-graha and that of the Sun (if it be !he 
ease of settiag or rising in the west the position of the 
a.v i A 1 be / norea8ed b y 180' because the astalagna 

1- rm he W :'t t the MS< -^°--. which is remotd 
. ' r0m » he seUln 8 PO'°t of the Sun) be multiplied by 
six. Since both the Drk graha and the Sun's posiHon are 

%ZVL E t f Pti ° " Dd 9,006 w ^a.e considered the 
time in between their rising moments, which is measured 

lit* :r i0t 'r d agSin 8iD0e ft » tim ° » measured n 
gbatae, the number of ghatis multiplied by six give the 

degrees for, each ghati corresponds' to six degrees of he 

Th U ese° fl i 91Xty one sidLal day, 

that it T t T 8a,d '° b6 which means 

ctcle ofth^ t &I °l n b6tW6eU the feet of the action 
circles of the Drk graha and the San at the Ista-kala i« 
that particular time considered. 

Second half of verse 8 and verses (9) a „rf (l ). 

_ If the number of degrees so found ie. the lata 
Kalsmstos fall short of or exceed the number n ? 
nostnlat.^ f„, <,k„ " °. . num °e r of Kalams-as 



postulated for the rising or settin of 2 T p ne the?* 
planet s rising has to take place or has already take^ plate 
respectively and rice versa in the case of sVthT Tne 
number of minutes of the d.fference of the prescribed f„fl 
Ifta-Kalamaas multipUed by 1800 and div d d by The 
nsmg time of the itesri expressed in KalSs and agata 
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divided by the difference of the daily motions of the planet 
and the Sun expressed in minutes of arc if the planet ia 
direct in motion or divided by the sum of those daily 
motions if the planet be retrograde gives the days elapsed 
after rising or to elapse for the rising to take place. Again 
compute the positions of the Drk-graha and the Sun for the 
moment thus obtained and repeat the process till the actual 
moment is obtained. 

Comm. Suppose the prescribed Kalams'as for rising 
be x and suppose the Ista-Kalam^as are y such that y< x ; 
then for the planet to rise, the arc of the equator in 
between the feet of the declination circles of the Sun and 
the Drk-graha has to increase for the planet to rise which 
means that this takes some more time to happen. Similarly 
if y>x, the planet has already risen. The question of the 
arc decreasing does not arise in this case of rising, because 
the planet's position in the east is behind that of the Sun, 
and in the case of a superior planet the Sun has to advance 
further for the planet to rise ie. the arc has to increase and 
in the case of a retrograde inferior planet also, the arc 
will be increasing. In the case of an inferior planet being 
direct, the arc will be decreasing no doubt, but we have 
to remember that this is a case of an inferior planet setting 
and not rising which we are considering. In the case of 
setting, in the east, however, of the inferior planet the 
moment of setting has already elapsed and thus the condi- 
tion is reverse to that of rising. The case of setting of 
a superior planet in the east never happens. In the case 
of setting of a superior planet in the west, if the Ista- 
Kalams'as be less than the prescribed Kalams'as, ie. y<x 
setting must have already taken place, the Sun having 
approaohed the planet from behind and already effected 
heliacal setting. Thus this is also reverse to the condition 
of rising as stated. In the case of an inferior planet 
setting in the west if y> Xl the planet should have set 
already since the inferior planet is retrograde while setting 
in the west. 
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This condition is also reverse to what has been stated 
in the case of rising. The case of a superior planet rising 
in the west also never happens, because it is the Sun that 
overtakes the planet and also the superior planet cannot 
be retrograde while near the Sun. 

^ The case of rising which has already elapsed the Ista- 
Kalams'as y will be evidently greater than x ie. y> x . To 
obtain the time by which the rising will take place after 
the moment in question, ie. the rising of a superior planet 
whioh is direct and an inferior planet which is retrograde, 
we have to take the difference of the prescribed and Ista- 
Kalams'as and find out the time by rule of three as follows. 

(1) Since we have to find the corresponding arc of 
the ecliptic in minutes of arc, from (y~ x ) x 60' the 
difference of the Kalamsras of the equator converted into 
minutes ie. aaus we have first to use the proportion "If 
by the rising time of the Ras'i t in asus in which the planet 
is Bituated we have 1800' of the ecliptic, what will we have 

by iy-x) X 60 ? The answer is ^ y ~ x) X 60 X 1800 

t 

Next we have to find the days when this arc of the ecliptic 
is covered by the proportion. "If the Sun overtake l lZ 
planet by minutes of the ecliptic per day, how lny 

nLZ. t0 ° 0Ver ^ ab ° VearC? " ^eanswH 

lated above by rule of three uli Be the tlme o a l°»- 
moKons for (he entire day wi„ bfonfy '°* 
computation in the ease of setting of a T„T™ 5 
similarly considered, the setting of a anperior „l J* 
west or that of a direct inferior^lanetlX^ 6 ' " 
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Verses 11 and 12. If the Prak- Drk-graha has a 
longitude greater than that of the Sun or the Pasrohima- 
Drk-graha has one less than that of the Sun, the sum of 
the prescribed Kalams'as and Ista-Kalams'as converted into 
minutes of arc will have to be used to compute the elapsed 
days or the days after which the respective phenomenon is 
going to oocur. 

If the Ista-Kalams'as y be greater than the prescribed 
namely x, the reverse to what has been stated in the second 
half of verse (8) and in the first line of verse (9) happens 
ie. a phenomenon which has elapsed when y<x will happen 
in the future and vice versa. 

Comm. If the Prak- Drk-graha has a longitude greater 
than that of the Sun, (since the prescribed Kalams'as are 
between the planet and the Sun, the planet being behind 
the Sun, and the Ista-Kalams'as are now on the other side 
of the Sun) the planet has advanced over its position of 
heliacal setting be it a superior planet or inferior by the 
sum of the prescribed Kalams'as and Ista-Kalams'as, Hence 
the days that have elapsed after the heliacal setting have 
to be calculated with the sum of the two Kalams'as. If it 
be also a case of a retrograde inferior Prak-Drk-graha 
rising, having a longitude greater than that of the Sun, 
even then the prescribed Kalams'as are behind the Sun and 
the Ista-Kalams'as ahead of the Sun. So from the position 
of the planet's heliacal rising, the Sun and the planet have 
advanced in opposite direction to a distance which is the 
sum of the prescribed Kalams'as and Ista Kalams'as. Hence 
computation has to proceed with the sum of the two 
Kalams'as to get the time that has elapsed after the planet's 
heliacal rising. Similar is the argument for the Pas'chima- 
Drk-graha. 

We have commented on verses from the latter half of 
(8) upto (10) where the Ista-Kalams'as y happen to be less 
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than x. If y> x , or again the Prak-Drk-graha has a longi- 
tude greater that of the San, the phenomenon of rising or 
setting which happened when y < x , will have to be taken 
as going to happen and that which was going to happen 
when y< x , must have happened already. It is enough to 
consider just one case instead of all the four cases since 
the argument is similar as before. Let us take y>x and 
it is an inferior planet in the east behind the Sun. 
According to the latter half verse (8) the rising had to 
take place y being less than x, whereas, now, y being 
greater than *, rising had already taken place, in contra- 
distinction to what happens when y<x. 



Here ends the Udayastadhikara. 



SRNGONNATYADHIKARA 



Verse 1. Either in the last quarter of a lunation, or 
in the first quarter, on the day when the elevation of the 
<susps of the orescent Moon is to be determined, then either 
at the moment of Moon-rise or Moon- set or (for the matter 
of that during any part of the night) the Hsine of the 
altitude of the Moon is to be computed by noting the time 
from the moment of Moon-rise. 

Comm. Either in the first quarter or the last quarter 
of the lunation, ie. when the phase of the Moon according 
to the definition of phase in modern terms is less than 
half, the Moon will be a orescent. Also, generally, on the 
back-ground of the horizon, we notice that one of the 
cusps is more elevated than the other. This elevation 
goes by the name Srngonnati. 

Even in the middle half of the lunation, Bhaskara 
mentions that Brahmagupta and some others (meaning 
Sripati whom he closely follows) attempted at finding the 
elevation (strictly speaking elevation daring the second 
quarter and depression during the third quarter) of the 
dark horns. Bhaskara does not appreciate this since, 
nobody would think about this as it does not appeal to the 
eye at all. 

Verse 2. To find the Hsine of the altitude of the San. 

The Hsine of the altitude of the Sun is to be 
com-puted, assuming the rising Sun to be in the opposite 
hemisphere, south or north (ie. if he be originally in the 
northern, assume him to be in the south) and using the 
formula given in verse 54 of Tripras'nadhyaya "sfliteRrr- 
^fr^aiW^nr " given the time measured in asus that has 
elapsed after Sunset. 
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Fig. 112 

Comm. During the early part of the night or during 
the latter part thereof, when the Sun is below the horizon, 
the Sun will be occupying symmetrical positions with 
respect to the horizon at times which are equally removed 
from Sunset and the next Sun-rise. This is clear from the 
figure 112. Let A and B be two such symmetrical positions 
where AM and BN are the Hsines of the altitudes. 

Evidently AM>BN, CPA=CPB. Since the rising eastern 
hour- angle of the Sun equals he setting western hour- 

angle, and since CPA=CPB, the time elapsed after 
Sunset when the Sun is at B, will be equal to the time 
before Sun-rise in the position A. Hence by congruence 
AM = BN = Hsine of the altitudes in the two symmetric 
positions. Using the modern formula from the triangle 
PZS, cos z = sin sin g -f cos cos g cos h, when 

CPA=CPB=^ cos z will be the s ame in the two positions 
A an4 B. Patting z = 90 + 0, cos z = - sin will be 
the same ie. H sin will be the same in the two positions 
ie. the Stenkus will be the same. In the formula- 
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€os z = sin 4 sin $ -f- cos 4 oos 8 cos h 
Put z = 90 + 0, * - 90 + H, 8 - 8 in the positions A, B 
and z = 90-0, fc=90-H. 8=-$ in the positions A', B' 
We have then - sin = sin 4 sin 8 - oos 4 oos 8 sin H 

aad rin 0= - 8in ^ain84-cos^cos8sinH 

which are identical. This means that the altitude below 
the horizon with +8 in the positions A, B is computable 
with -8 m the positions A', B'. This accounts for the 
statement made ' Mlafaqjj^ ui \ 

The second statement of the latter half of verse (2) 
says S'ankutala^S'ankuX^ which we have proved in 
Tripras'nadhyaya. 

of thS.^ "* ^ ^ ° f (4) - T ° ° btain the Bha i» 

m J h ft S 'l nkntala ° f ' he inrerse altitade 01 <*° »Hitude 
below the honzon, is north (in contradistinction to what 

Agra and Sankutala according as they are of the same 
du-ection or of opposite directions, is the Bhuja. The Tm 
or difference of the Bhujas of the Sun and Moon, according 
as they are of opposite or the same directions s what U 

L hat „, e t K P ^ a Bh t Wb ° Sa diCe ° ti0n ia to b ° °" 

of that of the Sun, then the direction of the Spasta Bhuja 
is that opposite to that of the Moon. ' 

Comm. In fig. 113, we have shown five different 
posit.ons of the Son B, to S„ the feet of the Sankus being 

1 B -* I0m theae ' eet o' >ke S-ankus draw perpendioulars 
on the Udayastasntras as well as on the Bast-west line their 
points of intersection being respectively A, to A, and 

to C„. The perpendioulars from the feet of the Sankns 
on the East-west line go by the name Bhujas, theperpendi- 
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Fig. 113 



oular distances between the Udayastasutras and the East- 
west line are called Agras and the perpendiculars from the 
feet of the Sankus on the Udayastasutras are called 
S^ankutalas which were all defined in the course of the 
lripra^nadhyaya. We have from the spherical triangle 
Mb sin g = sin £ cos z + cos <i sin z sin a bo that 
Bin $ j 

^£ - tan (5 cos z + sin z 6in a which was shown as 

tr S+ ^ iD the M^^hyaya ie. Agra = Sankufcala -f 
Bhuja Changing ft into-ft and a into-, we have different 
formulae, the standard form being A=S+B We don't 
propose to change 4 into because in India this case 
does not arise Thus our latitude being north, theSanku! 
talas .defined above as the distances from the feet of the 
Sfankus from the Udayastasutras are always deemed as 
south. It need not be reiterated that the Udayastasutras 
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are the straight lines joining the rising and setting points 
of the celestial body. As such, these Udayastasutras are all 
parallel to the East-west line. In fig. 114, in the horizontal 



Fig ll4 taken to be south except in 

the fifth case shown in figs. 
113 and 114 when the altitude happens to be below the 
horizon. In this case the S'ankutala is spoken as north. 
Thus the general formula A=S+B assumes the following 
various forms, in the respective cases. 

(1) Uttaragra— Daksina S'ankutala = Uttara Bhuja. 
This corresponds to A, B, C of fig. 114 where AC, is 
Uttaragra, BA, Dakshina S'ankutala and BC, Uttara 
Bhuja. 

(2) In the case of A 3 B 3 C 3 , S'ankutala— Agra = 
Daksina Bhuja since B 3 A 3 — C 3 A 3 =B 3 C 3 . This occurs 
after the Sun's diurnal path has crossed the prime-vertical 
and the Sun has a position on the south of the prime- 
vertical, having a northern declination. In the case of 
A 4 B 4 C 4 , B 4 C 4 = B 4 A 4 + A 4 C 4 ie. Daksina Bhuja = 
Daksina S'ankutala + Daksinagra. In the fifth cage 
when the Sun's altitude is below the horizon, B g C 5 = 
B 5 A 5 4- C 5 A 5 ie. Uttara Bhuja = Uttara S'ankutala + 
Uttaragra. In the sixth case when the Sun has a southern 
declination and an altitude below the horizon, B 6 C 6 = 
A 6 C 6 + A 6 B 6 ie. Daksina Bhuja = Daksinagra minus 
Uttara S'ankutala. In the case of A a B 3 C a , Uttaragra — 




plane containing the points 
A's, B's and C's in the 
respective oases, according 
to the Hindu convention, 
we talk of Agra and Bhuja 
as being Uttara Agra, 
Daksinagra, Uttara Bhuja 
and Daksina Bhuja, 
S'ankutalam is always 
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Daksina S'ankutala -f Uttara Bhuja, since A„ C a = 
B 8 A a + B 9 O a . In the absence of a unifying convention, 
all these formulae are loose and apt to create confu- 
sion. So we shall unify all these formulae into the 
standard form A=S+B which holds good universally, if 
we have the conventions. 

(1) Agra shall be deemed positive if it be north and 
negative if it be south ; 

(2) Similarly with respect to the Bhuja. But, with 
respect to the SWkutala, we shall deem it positive if it be 
south and negative if north. These conventions compre- 
hend all the cases and unify them into the standard form 
A = S+B. The corresponding conventions with respeot 
to a are that corresponds to Uttaragra and -fa 
corresponds to Uttara Bhuja. 

Having the above conventions, and finding the Bhujas 
of the Moon above the horizon and the Sun below the 
horizon, the Spasta Bhuja required in finding the SVngon- 
nati in the present chapter, is defined as the difference of 
the Bhujas of the Sun and the Moon and the sum thereof 
according as they are of the same direction north or south 
or of different directions. Also this Spasta Bhuja is by 
convention said to have the same direction as that of the 
Moon. If, however, the Bhuja of the Moon falls short of 
that of the Sun, then the Spasta Bhuja is saidr to have the 
aireotion opppsite to that of the Moon. 

Verse (4). Definition of Koti. 

I deem that the Koti should be taken as the sum 
of the S'ankus of the Sun and the Moon, the one being 
below the horizon and the other above respectively. 

Comm. We have defined above the Spasta Bhuja as 
the north-south distance between the feet of the S'ankus 
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of the San and the Moon. Herein Bhaskara defines the 
Koti as the sum of the S'ankus of the Sun and the Moon 
which is the vertical distance between the points on the 
armillary sphere which represent the Sun and the Moon. 

Bhaskara says * I deem' to signify that he differs 
from Brahmagupta in this, who defines the chord joining 
the Sun and Moon on the armillary sphere which is equal 
to 2 Hsine of the SM on the sphere as the Karna. Brahma- 
gupta define s the Bhnja and Karna from which he deduces 
the Koti as >/Karna a -£haja a . Bhaskara argues that since 
the Karna defined by Brahmagupta is not in the vertical 
plane, since the Sun and the Moon are not in the same 
vertical plane, so, the Koti defined by him throught he Karna 
will not be in the vertical plane. The Karna defined by 
Bhaskara is not on the other hand the chord joining the 
Sun and the Moon but lies in the vertical plane in which 
the perpendicular from the Moon's position on the armil- 
lary sphere, on the horizontal plane eontaining the Sun's 
position on that sphere. Also the Bhuja defined both by 
Brahmagupta and Bhaskara is the projection on the north- 
south line of the join of the Sun's position on the sphere and 
the foot of the perpendicular from the Moon's position on 
the horizontal plane through the Sun's position and it is 




Fig. 115 



z. 



not actually the above join, 
Bhaskara is evidently 
guided by the right angled 
triangle SMN*which is nob 
strictly a "spherical triangle 
as per its modern definition 
as the arc SN is not that 
of a great circle. This 
figure guided him to take 
the Bhuja horizontal and 
the Koti vertical so that 
his Karna is also in a 
vertioal plane, Bhaskara 's 
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Karna therefore has nothing to do with the arc SM but 
only has the virtue of being in a vertical plane. Sripati 
adopted Brahmagupta's method. KamalSkara neither 
follows Brahmagupta nor Bbaskara but follows a method 
of his own. In fact the methods adopted by these ancient 
Hindu astronomers are not mathematically correct because 
the question of determining the cusps as well as phase of 
the Moon is concerned with the actual positions of the 
Sun, Moon and the earth in space and not as seen on the 
sphere. Hence M. M. Sudhakara Dwivedi has written a 
small book by the name Vastava-Srngonnati following 
modern methods. The modern method which gives the 
truth of the matter is depicted in standar modern texts. 



Verse 6. The hypotenuse or Karna is the square-root 
of the sum of the squares of the Bhuja and Koti. The 
Bhuja multiplied by 6 and divided by the Karna gives 
what is known as the Dik- valana of the Moon. The dire- 
ction of the Valana has the same direction as the Spasta 
Bhuja defined before. 



Comm. The idea is that taking the radius of the 
Moon's disc to be six angulas or units, representing the 
Karna, the magnitude of the Bhuja on the same scale 
gives a measure of what is defined as Valana. Thus Valana 
= -jjr where B and K stand for the Bhuja and Karna 

defined before. The idea of this Valana will be clarified in 
the ensuing verses. 

Verse 6. The Hsine of the elongation of the Moon 
is to be multiplied by the radius vector of the Moon 
measured in Yojanas, and divided by the radius vector of 
the Sun, also measured in Yojanas ; the arc of the Hsine 
so obtained is to be added to the longitude of the Moon 
in the bright half of the lunation and is to be subtracted 
from the same in the dark half. 

6a 
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Comm. This is a correction to be made in the longi- 
tude of the Moon to depict graphically the phase of the 
Moon. Bhaskara says that many of the prior astronomers 
took that the phase of the Moon was in direct proportion 
to the elongation of the Moon. Taking the radius of the 
Moon s disc to be six angulas or units, and assuming that 
when the elongation is 180°, the entire disc being illumi- 
nated, it was thought that 12 units of the diameter 
correspond to 180° of elongation so that the S'ukla of the 
disc measured by the central width of the illuminated disc 
inoreases at the rate of 1 unit for 15° of elongation (The 
word S'ukla may be taken to correspond to the modern 
word phase. S'ukla is expressed in angulas, taking the 
diameter of the disc to be 12 angulas. The measure of the 
portion of the diameter of the Moon's disc perpendicular 
to the diameter which is the join of the extremities of 
the cusps, covered by the illuminated part of the disc 
(which may be defined as the maximum width of the 
illuminated part of the disc) measured in angulas is said 
to be the S'ukla. The word < phase • is used to^gnify tne 
ratio of the above width to the diameter. S'ukla is 
expressed in angulas whereas phase is expressed as a ratio. 
The Sukla is equal to twelve times phase). Bhaskara 
rightly argues that this method of measuring the Sukla 
is approximate because he says that six angulas of Sukla 
is had when the elongation is not 90°, but only 85"-45' 
This may be substantiated as follows from fig. ii 6 Z't 
B.M.S stand for the earth, Moon and the Sun Let 

EMS=90° so that it is a moment of dichotomy i e tha 
moment when the phase is half and the S'ukla 6 angulas 
LetO be then the elongation of the Moon, so thai 
EM 

C ° 8 ° a &' Takin S the average values given for EM 
and ES by Bhaskara, 

cos Q = 5156 Q. 19 / - . 

689377 264 ^ obfcain,n g a convergent) - .0748, 



From tables, we find # 
to be 85°-45'. 
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= 85°-43' which BhSskara takes 




Fig. 116 

In the wake of this, Bhaskara tries to make amends 
in the approximate formula prescribed to obtain the S'ukla 
He prescribes addition of 4°-15' to the longitude of the 
Moon in the bright half, and subtraction in the dark. I n 
between the moment of conjunction and the moment of 
dichotomy, he derires the following formula (vide fig. 117). 




Fig. 117 



The deficiency of 4M5' is had in the form of the angle 
S a E S x . When the Sun is at S> the Moon being at M lt it 
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is the moment of conjunction. When the Sun has moved 

from the point 8, to S S) S x E 8, being 90°, there is a 
deficiency of magnitude S, B S 2 . In other words, when 
S 3 Nhas assumed the position S 8 E there is a deficiency 
of 4°-15' ie. for an increase of 90° of elongation, there 
is a deficiency of - 4°-15' in the longitude of the Moon. 
Eenoe, for the Hsine to become the radius, there corres- 
ponds a portion E M a or S a N, which is the Hsine of 4°-15', 
so that the following rule of three is adopted. * If the 
Sun's distance E S a corresponds to the radius, what does 
EM, the distance of the Mo6n correspond to?" The 

result is - X R, m and s being the respective distances. 
s 

Then the following proportion is used " If by H sin | 
equal to R, | being the Moon's elongation, we have mR/s, 
what shall we have for an arbitrary H sin | ?" Thus the 
answer is 

H sin g X mBi „ . m „ . . / m x 
*- = Hsinf^. HsnT 1 (2 X H sin *\ 

where m and s are the distanoes of the Moon and the Sun, 
is to be added to the longitude of the Moon or to be 
subtracted as the case may be, to have the rectified 
longitude of ths Moon from which the phase is to be 
calculated according to Bhaskara. 

Here we are to offer the following remarks. No doubt 
Bhaskara was correofc in estimating the moment of 
diohotomy to be that when f the Moon's elongation is not 
90° but 84°-45. But the amended formula is not the 
correct mathematical form. The modern formula to find 

u .1+ cos EMS i . , 
the phase is — ■ — aud since from fig. 116, SM is 

nearly equal to SE, so EMS is very nearly equal to 
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180-MBS, so that 1+ COB EMS = kr^LM?!? . . . m 

be taken to be an approximate truth. This formula was 
indeed given by Lallaoarya in the following verse long 
before Bhaskara. "^MtamrfenNr ftq*tar *rftren*- 

verse 12 (Can dra SVngonnatyadhikara). Here faritar 
^^cT^rj?rRhT5f^r mean Hvers | jR— H oos gr feHsi^dl - 
^TT = multipl ied by the radius of the disc of the Moon. 
m& ftroftoir = divided by R. Thus the formula given 

by Lallaoarya amounts to r ( R ~H oos I) _ ^n__ 00B .\ 

R 2 

where r gives the angulas in the radius of the Moon's disc 

and d the diameter, and | = elongation of the Moon. 

Since the definition of phase in modern terms is a ratio, 

namely the ratio of the maximum width of the orescent to 

the diameter, phase X d = S'ukla of the Hindu astronomers 

. 1-oos (elongati on of the Moon) w . „ , , 
' " g Xd = Sukla 

== r (1 -cos MES) as given by Lallaoarya. So Lalla- 
carya^'s formula is quite correct. We shall trace LallSE- 
oarya's steps in obtaining such an intricate correct 
formula which was overlooked by Bhaskara. (Refer 
fig. 118) Let E be the earth, S the Sun and M lf M 8I M 3 
etc. the positions of the Moon as the elongation 
gradually increases. No doubt the S'ukla increases with 
elongation as known to all Hindu astronomers. But, 
the question is, does ft increase with the sine or versine ? 
We know both the sine and versine inorease with the 
angle. Lallaoarya noticed that Sm v Sm a , Sm, as the 
Moon occupied positions M lt M a , M 3 etc., are the Hindu 
versines which are increasing. So he postulated that the 
S'ukla increases with the Hindu versine. His formulation 
was thus correct. But why Bhaskara overlooked this 
correct formula was traceable to his getting prejudiced 




Fig. 118 

against Lallaoarya's some other formulae which used the 
Hversine where he ought to have used the Hsine For 
example in the case of the Valana Lallaoarya's mistake 
is traceable to his confusion as to whether he was to choose 
the Hsine or Hversine when both increase as the angle 
increases. 6 

Verse 7. Graphical depiction of the cusps. 




Fig. 119 
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atlt ^J" % 119 ' 8T be the Bhuja > MT * he Koti and 
WM the Karna formerly defined. As per verse (5) 

= Valana where B = ST, K = SM, and 6 = MG so 

6B 

that GE = — = Valana, which is in practice drawn as E'G' 
from the east point e, in the form of a Heine. CG goes by 
the name Valanasutra. Compute the S'ukla in angulas 
after making the prescribed correction in the longitude of 
the Moon as stated by Bhaskara and dividing the elon- 
gation of the Moon, thereafter obtained, by 15. Mark off 
the S'ukla in angulas along the Valanasutra from G. 
Suppose GD is the S'ukla. Draw the diameter AB 
perpendioular to the Valanasutra passing through M. 
Draw the circle circumscribing D, A, B. Its centre lies 
evidently on the Valanasutra, say C. The circle drawn 
is called Parilekba Vrtta, its radius OA is called Pari- 
lekhasutra and the point C Parilekha Vrtta Madhya. 
In the triangle GAM, which is right-angled GA is 
the Karna, AM the Bhuja and MO the Koti. CD is 
equal to the Karna CA so that MD = CD - CM = Karna 
- Koti = K — k (say). We have AM 3 = CA a - CM a = 
R a - k* = 36 = B 3 ; Hence K + h = 

K — k ' 

Here K— k = MD is known beoause GD the S'ukla is 
B 2 

known. So — - = K+lc is known. Thus knowing 

K— k and K+4, by using what is called Samkramaganita 
ie. by adding K+b and K-k, we have K and by sub- 
tracting we have k. Here the Koti CM is called Vibha 
and the Karna CD the Swabha. The Parilekhasutra or 
the radius of the Parilekha Vrtta being the Karna, the 
Swabha is thus the Parilekhasutra, * ' 

In the wake of this exposition, the translation of 
verse (7) runs as follows. "Let the compliment of the 
elongation (corrected as direoted in verse (6) ) divided by 
16 he the denominator ; let the numerator be 36 ; take the 
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result after division and put it in two plaoeB ; with this 
and the complement of the elongation divided by 15, using 
Samkramaganita, we have successively Vibha and Swabha". 

Comm. Here, the meaning of taking the complement 
of the elongation and dividing by 15 is to obtain the 

magnitude of MD directly; for, = 6— e/15 = 

16 

MG -e/15 = MG — GD — MD where e is the elongation 
and e/15 is the ffukla. In other words, finding the Stokla 
by dividing the elongation by 15 and subtracting it from 
the radius to get MD is the same as taking the complement 
of the elongation and dividing it by 15 to obtain MD. 

Bhaskara quotes in the eourse of the commentary, 
the verse from his Leelavati, namely ,s ^^m^*$^JT???T 
few *>feWf^>g^t ^ tor^Hctw! *%tt^, 

%i tftmtssfei $mn" which means B " = K+Jt 

K — k 

since K 9 — & 9 =B 9 . This situation arises when the Bhuja 
B and the difference of Koti and Karna ie. K ~k are given 
and it is required to find K and k separately. 

Verses (8) and (9). Draw a circle with radius 6 
angulas to represent the disc of the Moon. Mark the disc 
with the Cardinal points signifying the east, west, north 
and south. Compute the Valana as directed in verse (5) 
(which represents E' G' in fig. 119) and mark it off as a 
Hsine from the west point w in the last quarter and from 
the east point e in the first quarter. From the centre M 
of the Moon's disc, mark off Vibha MC (computed as 
directed) along the join of MG'. With centre C and 
radius Swabha (already computed as directed) draw a circle. 
The spherical sector of the Moon's globe thus demarked by 
the arc of the circle ADB namely AGBD is found to have 
the elevated cusp in the opposite direction in which 
the Valana has been marked, 
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Comm. The directions are dear id the wake of the 
previous commentary. In marking off the Valana, Bhas- 
kara says ' from the west in the last quarter and from the 
east in the first quarter \ In the first quarter, the Moon 
will be visible immediately after Sunset in the western 
sky and the illuminated part of the Moon will be towards 
the western side of the disc in which direction the Sun is 
situated. The eastern point and the western point of the 
disc are easily discernible on the background of the 
horizon. Drawing first the diameter ' WE ' of the disc 
along the vertical circle in case the Moon is due west or 
else along a small circle parallel to the prime-vertical oalled 
Upa-Vrtta, we have the east point of the disc namely e 
vertically above the disc in the first quarter. (The figure 
119 is shown for the first quarter). Then we are directed 
to mark off the Valana E' G' in the form of a Hsine*. 
Since the Valana is already computed as directed in verse 
(5), to mark off this Valana we have to lay the scale 
perpendicular to WE. Such a point G' on the circum- 
ference of the disc is to be marked from which the Hsine 
equah the Valana computed. It is to be noted here that 
it is not marking G' E' from G' f for, Q' is not known, 
nor E' for the matter of that, but locating G' knowing 
the magnitude of the Valana. Though we happened] to 
mention before that GE is the Valana, in the light of 
what Bhaskara mentions in verse (8) we have to under- 
stand that in the first quarter, the practice is to mark 
off Valana from the point e marked on the disc before hand. 
Though it does not matter when we take EG to be the 
Valana E' G', we have to notice the practice followed. 
The direction given in the course of the commentary 
" ^rs^rfaR^i^ srfetfq nrfzonr HJ ip w m^ meaning 
thereby that from the point M, we have to mark off 
along MG' where G',, is the point pertaining to Valana, a 
line with the help of a chalk and a fine thread, namely 
MG. This practice is still in vogue adopted by masons to 
draw straight lines. 

68 
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It is interesting to note Bhaskara waxing poetic in 
the course of the commentary under these verses describing 
how the illumination of the Moon's disc by the rays of 
the Sun is effected. The description is quite apt, inter- 
esting and scientific reminding us of Varahamihiracarya's 
description in the verse ' sri®ijw% ?&%Bt etc.' in Brhat- 
Sarhhita. Of course, following Varahamihira Bhaskara 
also takes the Moon's globe to contain water within its 
bosom which Modern Science has yet to confirm. 



Verses 10, 11, 12. The Koti and Kama defined by 
Brahmagupta, do not lead us to accordance between 
computation and observation to locate the cusps. I 
request good mathematicians to verify this carefully. ' In 
a place where the latitude is (90— to) = (90-24) = 66° 
when the ecliptic coinoides with the horizon, and' 
when the Sun is in the beginning of Mesa which is 
then rising in the east, and the Moon in the beginning 
of Makara, then the Moon is dichotomized by the 
meridian and the illuminated part of the Moon's diso is 
towards the east. This does not hold good according to 
Brahmagupta's definition of Koti. because then the Bhuja 
as well as Koti according to his definition is equal to B. 
When the Bhuja is zero, the cusps will be horizontal, and 
when the Koti is zero, they will be vertical. Brahma- 
gupta's Bhuja and Koti both being equal to R, the ousps 
therefore cannot be vertical which is against truth as 
stated above. Why should I make this statement ? May 
my homage be to those great. 



Comm. When the latitude of a plaoe be 90- w, and 
when the ecliptic coinoides with the horizon, it is clear 
that in whatever positions be the Sun and' the Moon 
(assuming that the Moon is also approximately on the 
horizon) the ousps of the Moon are always vertical, there 
being Bhuja only and no Koti. But according to Brahma- 
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gupta's d efinition of Karna, it will be in this particular 
ease. n/r* -f R a = EV2 so that the Koti will be 
^2 R a - R 3 = VR a = R, where the Bhuja also is R 
(projection of the line joining the Sun and the Moon on 
the north-south line. Though in the verse (11) above one 
particular position of the Sun and one of the Moon, are 
contemplated, the same argument holds good, says 
Bhaskara in the course of the commentary, whatever 
positions are occupied by the Sun and the Moon on the 
ecliptic. In this case there is only Bhuja existing and 
no Koti, so that the cusps will be vertical. But in all 
these cases, there is Koti aeoording to Brahmagupta's 
definition, so that the cusps will not be vertical aocording 
to him, which is dearly against truth. 

Here we have to note that in the example cited by 
Bhaskara the Bhuja equal to R is along the north-south 
direction, and even though the Koti aocording to Bhas- 
karajs definition is conceived to be vertical, the Karna 
according to Brahmagupta's conception being ES where 
E and S are the east and south points, his Koti will be 
horizontal coinciding with OE, being the centre of the 
horizontal ecliptic. Further according to Brahmagupta, 
the join of the cusps will be perpendioular to the Karna 
whioh does not therefore go against truth. Similarly in 
all the oases wherever be the Sun and the Moon on the 
horizon, Brahmagupta's Karna being a line joining the 
centres of the discs of the Sun and the Moon, it will be a 
horizontal line and so the cusps could be vertical. It is 
not clear whether or not Bhaskara recognized this namely 
that the Karna and Koti of Brahmagupta in the oases 
oited above are all horizontal lines so that the cusps could 
be vertical even according to Brahmagupta. That is why 
he pays homage to Brahmagupta in the last line of (12). 
Probably Bhaskara expected that Brahmagupta's Koti also 
should have been vertical aB his. The fact that he 
recognized that Brahmagupta's Koti will not be vertical 
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but inclined, is justified here since the Kotis in all the 
oases cited are all horizontal lines. 

In fact, as we stated before, even Bhaskara's analysis 
is not sound, for which reason, M. M. Sudhakara Dwivedi, 
wrote the booklet called Vastava Srngonnati based on 
modern lines. As this topic could be found in books of 
modern astronomy, we need not go into the treatment of 
Sudhakara Dwivedi here. 



Here ends the Srngonnatyadhikara 



GRAHAYUTYADHIKARA 



Verse 1. The mean diameters of Mars, Mercury, 
Jupiter, Venus and Saturn are respectively 4'-45", §'-W\ 
7'-20", 9', 6'-20". 

Comm. Bhaskara gives us a method under verse (5) 
of Chandragrahanadhikara, as to how the angular diameters 
of celestial bodies were being measured with an instrument 
that we may call * protractor \ describing it as follows. 

^sK55rs?rrert?fiT^ TTsfssita ^faf^fcr cRr^if^^r <T^5rrc*?T 

nanif: " ie. On the day on which the true motion of the 
Sun equals the mean, in the morning, observe with an 
instrument having two equal rods jointed at one end (and 
the other ends being connected -by a flexible protractor 
marked with minutes and seconds of arc) placing the eye. 
at the joint of the rods, and the two rods pointing to the 
extremities of a diameter of the disc. The magnitude of 
the disc is then read on the protractor, which gives the 
mean diameter 

This method is alright so far a9 it goes. ' The measur- 
ing being done at the time of morning and that too 
with the naked eye might have been responsible for the 
exaggerated magnitudes of the diameters of the discs of 
the planets, as compared with their modern values. This 
kind of exaggerate estimate is due what is called the 
phenomenon of irradiation which increases the apparent 
size of a brilliant body when seen at some distance. Even 
Tycho Brahe, an accurate and brilliant astronomer prior 
to the invention of the telescope gave estimates of these 
angular diameters which are nearly the same as remarked 
by Burgess in his translation of SOryasiddhSnta under 
verses 18, 14 ch. VII. 
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Verse 2. These estimates being multiplied by the 
difference of the radius and S'lghrakarna and divided by 
thrice the Slghra-antyaphlajya are to be added or sub- 
tracted from the mean values above given according as the 
S'lghrakarna is less or greater than the radius to give the 
rectified values. Three minutes of arc are to be construed 
as one angula in this respect. 

tnnw C r?;K W , hea . theS ' Ighrakar;,ae ^ al8 the r^ius we 
know that the planet is situated at the mean distance. The 

word planet here stands, of course, for the Mandaspasta- 
graha which may be roughly taken to be the mean planet 
the equation of centre being small. If the S-lghrakaraa 
alls short of the radius, then evidently the planefis nearer 
the earth than the mean position so that disc of the nlanet 
appears to be bigger. Otherwise, the planet is further 
and its disc appears to be smaller. It was noted that 
approximately there was an increase or decrease i of the 
magnitude of the disc by the decrease or increase of he 
S'lghrakarna by the antyaphalajya. Hence, in between the 
two positions, role of three is used to obtain the magni- 
tudes as follows. "If by a difference of the S'lghrakarna 
and radius equal to the antyaphalajya, there is a difference 
of s of the actual magnitude, what would it be for an 
arbitrary difference ?" The answer is ixjx^ = i 

where > d = S'lghrakarna or radius and a the antyaphtlaira 
This difference is to be added or subtracted to the mean 
value, aa the oase may be. 

Verse 3 and first half of 4. To obtain the time of 
the conjunction of two planets, compute the difference of 
the longitudes of two planets, and divide by the difference 
of their daxly motions. If one of the planets be retrograde 
divide by the sum of the daily motions. The result gives 
the number of days approximately after the moment of 

2ZT°fU ^ T^ l0We \^ Qeb ha8 a l0 ^^e falling 
short of that of the qmcker. If 0ne of the planets bf 
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retrograde, and if its longitude be the lesser then also the 
conjunction was past by the number of days computed 
In the other cases the conjunction is to take place after 
the number of days computed. If, however, both the 
planets be retrograde, then if the slower of them has a 
longitude less than that of the quicker," then the conjun- 
ction is ahead, otherwise past by the number of days. 

Comm. Clear. In the case of one or both the planets 
being retrograde, the word ' slower planet ' means that 
p anet whose retrograde motion is slower and not the 
planet whose mean motion is slower. 

Latter half of verse 4 and verse 5. To rectify the 
moment of conjunction. 

Having computed the approximate time of conjun- 
ction obtain the true motions of the planets pertaining to 
-that day, rectify them for Ayana-Drk-Karma and following 
he process indicated in verse (3) above, again compute 
the moment of conjunction. (This will be a good approxi- 
mation). This conjunction will be one on the polar 
latitudinal circle. If Ayana-Drk-Karma be not done then 
the conjunction will be on the circle of celestial latitude. 

Comm. Bhaskara says that the conjunction on the 
circle of polar latitude is preferred because this could be 
observed as there is a star at the celestial pole and the 
movable circle of polar latitude could be moved *n t0 a 
portion in which the two planets could be Teen s Zel 
hereupon. The method of successive approxima on t 
self-explanatory. Bhaskara, however, adds that when the 
conjunction is on the circle of celestial latitude he 
planets will be seen to be closer. ' 

Verse 6 and first half of verse 7. To obtain the north 
south celestial latitudinal distance between two planets 
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Having computed the number of days by which the 
cele8tial latitudinal conjunction was past or is going to 
take place, let the common celestial longitude of the two 
planets be obtained by the method of successive approxi- 
mation for the moment of celestial latitudinal conjunction. 
Let the celestial latitudes of the two planets be rectified 
for parallax in latitude as in the case of solar eclipse. The 
difference of these celestial latitudes in case they are of the 
same direction or the sum if, of opposite direction, gives 
the north-south distance of the planets with respect to the 
ecliptic. Having known the directions of the celestial 
latitudes with respect to the ecliptic, if the two celestial 
latitudes happen to be both south or both north, then the 
planet with lesser celestial latitude is said to be in the 
opposite direction with respect to the other ; that is, 
suppose both have northern celestial latitudes and suppose 
p 1 has a smaller northern celestial latitude than p 3 , then 
p i is said to be south of p 3 . Similar is the case if both the 
celestial latitudes happen to be south. 

Comm. Here Bhaskara does not specify whether he 
is talking of conjunction on a polar latitudinal oirole or 
on a celestial latitudiaal circle, though the previous 
procedure indicated by him to obtain the moment of con- 
junction gives preference to polar latitudinal conjunction 
which is more easily observable. But, here, as he prescribes 
rectification of the latitudes for parallax in celestial 
latitude, we have to construe that he is speaking of 
conjunction with respect to celestial longitudes alone, 
because, in the context of parallax, no method was indi- 
cated by him for parallax in polar latitude. 

Latter half of verse 7 and verses 8 and 9. Case of 
occupation. 

If the north-south celestial latitudinal distance 
happens to be less than the sum of the angular radii of the 
two planets, an occupation occurs (what we say * eolipse ' 
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with respeot to the Sun and the Moon, holds good with 
resptot to occupation). In this case of occultation, we 
have to rectify the time of conjunction with respect to 
parallax in latitude also. For obtaining this parallax in 
longitude, let the planet which is nearer the earth be 
taken as the Moon and the other the Sun. But to obtain 
the longitude of the Vithnbha, which is necessary to 
compute parallaxes in longitude and latitude, the lagna of 
the moment of conjunction is to be computed from the 
position of the Sun and not that of the planet assumed 
to be the Sun as directed above. Having obtained the 
parallax in longitude, the computed moment of conjun- 
ction is to be rectified for parallax in longitude, (if 
necessary by the method of successive approximation) to 
obtain the actual moment of apparent conjunction ie. 
oocultation here. This procedure is worth-adopting only 
when the occultation in question takes plaoe above the 
horizon and is observable. The north- south celestial 
latitudinal distance in this case of occultation corresponds 
to the celestial latitude of the Moon in the case of a solar 
eclipse. The direction of this celestial latitude is to be 
construed as that of the direction in which the planet near 
the earth is situated with respect to the other. If the 
planet whioh is nearer the earth happens to have, a motion 
lesser than that of the other, or be retrograde, then the 
planet which is situated at a greater distance from the 
earth will be over taking the other so that the higher 
planet gets occulted in the eastern direction of its disc. 
ThuB the first oontaot is to be known to be in the east 
and the last contact would be in the west ; (If otherwise, 
the other way). 

Gomm, Self-explanatory. 

Here ends the Grahayutyadhikara. 
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Bhagrahayuti (Conjunction of a planet with respect 

to a star) 

The longitudes of the starB (professed to be polar). 



ing Abhijit are as follows. 




JR d m 


Agwini 


0- 8- 


Bhararii 


0-20- 


Krittioa 


1- 7-18 


Rohinl 


1-19-18 


Mrgasfirsa 


2- 3- 


Xrdra 


2- 7- 


Punarvasu 


3- 3- 


Pusyamx 


3-16- 


Asresa 


3-18- 


Makha 


4- 9- 


Parvaphalguni 


4-27- 


UfctarSphalguni 


6- 5- 


Haata 


5-20- 


Chitra 


6- 3- 





is a 


m 


owatl 


6-19- 





Vis'akha 


7- 2- 


5 


All5r3(1ha ■ 


1-14- 


5 


Jyeatha 


7-19- 


5 


Mula 


8- 1- 





Purvasadha 


8-14- 





Uttarasadha 


8-20- 





Abhijit 


8-25- 





Sravariam 


9- 8- 





Dhanistha 


9-20- 





S'atabhisak 


10-20- 





Purvabhadra 


10-26- 





Uttarabhadra 


11- 7- 





Bevati 


0- 0- 






Comm. I„ th e enumeration of these longitudes, 
Bhutan makes three statements which we have to note 
(1) That these longitudes are rectified for Ayana-Drk 
Karma ,e. that they are polar longitudes, (2) That the 
longitudes of Erittica and Bohinl are less by 32' f T he 
longitudes shown in the table above are those incorporating 
Uua specified correction), (3) That the longitudes of 
Vwskhs, AnMdhB and Jyestha are to be increased by 6> 
"o»eotion is also incorporated in the table riven 
above). 6 u 



607 



It is to be noted that these longitude3 are the same 
given by Brahmagupfca originally and copied by S'ripati 
as well as the corrections indicated above. But herein a 
mistake was committed as clarified by Bhaskara later in 
the end of the chapter namely Jhat the polar longitudes 
are subject to what is called Ayanavikara though the 
celestial longitudes are not. We say_ that the celestial 
longitudes are not subject to such an Ayanavikara ie. that 
ohange due to the phenomenon known as the precession 
of equinoxes, because the Hindu system is Nirayana ie. 
reckons the longitudes from the first point of A^wini 
which is its zero point instead of reckoning from r. If 
longitudes are measured from r, as r is preoeeding,' the 
longitudes of stars will be steadily increasing all at the 
same annual rate of precession namely about 50-25" 
per year. These increasing longitudes of the modern 
system go by the name Sayana longitudes. It might 
be thought that since the polar longitudes also are 
measured from Asfwini and along the ecliptic like celestial 
longitudes, they also don't vary like the Nirayana celestial 
longitudes ; but it is not so, because the effect of precession 
on the right ascension and deolination of a star have 
both their effect upon the polar longitude as well as polar 
latitude. We cannot say that Bhaskara did not know 
this but we may say that the effect on the polar longitude 
and latitudes were oonsfirued by him as neglible and 
would be appreciable only in the long run. 

Verses 4, 5, 6. Sphutasfaras or rectified latitudes 
of the stare. 



Asfwini 

Bharani 

Krittica 

Rohinl 

Mygasfirsa 



10°- north 
12°- „ 
4 -30 ,, 
4 -30 south 
10-0 „ 



Ardra 

Punarvasfi 

Pusyami 

Asresa 

Makha 



11 - south 

6- north 
0-0 „ 

7- south 
0-0 north 
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Purvaphftlgunll2 - north 
Utfcaraphalgunl 13 „ 



Hasta 

Chitra 

Swatl 

VisfSkha 

AnSrgdha 

Jyestha 

Mula 



11-0 south 
IMS' „ 
37°- north 
1 -20' south 
1 -45 „ 
3-30 „ 
8 -30 



Pnrvasadha 

Uttarasadha 

Sravanam 

Abhijit 

Dhanistha 

S'atabhisak 



5 -20 south 

6-0 
30-0 north 
62-0 „ 
36-0 „ 
-20 south 



Purvabhadra 24-0 north 
Uttarabhadra 26-0 „ 
Revati 0-0 ., 



(a) These are also what were given by Brahmagupta 
and copied by Sripati, (b) Bhaskara mentions in the 
Goladhyaya '« ^arr *$sr «t* fla^ qfeerr: ssfrirr- 
ss&wi mmm mr w*r: " ie. In as much as the stars 
are fixed we have given their latitudes and longitudes 
rectified. But here, there is a point to be noted as 
Bhaskara has put us in a doubt namely that the rectified 
latitudes which he speaks of elsewhere under verse (3) 
Grahaoohayadhikara, Ganitadhyaya are not exactly the 
polar latitudes spoken of here. (Ref. fig. 120). Let rMH 

be the ecliptic and rN be the celes- 
tial equator. Let 8 be a star, k be 
the pole of the ecliptic, and p be 
the celestial pole. Then rR is the 
celestial longitude, SR the celestial 
latitude which are known as the 
Dhruvaka and S'ara (Asphuta- 
stera). rM is the polar longitude 
and SM the polar latitude. MR 
is the arc connoting the 5yana- 
Dfk-Karma correction, so that celestial longitude +Ayana- 
Drk-Karma correction ^= polar longitude (plus or minus 
aocording as the longitude lies in the 2nd and 4th 
quadrants or 1st and 3rd quadrants). If the longitude just 
equals 0°, 90 # , 180° or 270°, the correction of Ayana-Drk 




Fig. 120 
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Karma vanishes, It must be noted here that when the 
longitude is 0° or 180° Ayanavalana is maximum but 
5yana-Drk-Karma vanishes. There is no ambignity here 
in this polar longitude because BhSskara is unequivocal in 
defining this. But under verse (3) Grahaochay5dhik5ra, 
Bhaskara means by Sphutasrara SD and not SM but by 
Sphutasrara here he means SM. It is ridiculous to suppose 
that Bhaskara did not know that ft n/R 1 -Ayanav alana is 
less than /J. This B V^=^/R (a=Ayanavalanajya) he 
defined as Sphutastara- there under verse (3) cited. SR is 
defined by him as Asphutasrara or simply S'ara. Now here 
in the commentary he makes us believe that Sphuta^ara 
is SM which is the polar latitude. This confusion created 
by BhaBkara leads Ramaswarup the editor of Brahmagupfea 
Siddhanta as well as one Mukhopadhyaya the author of the 
thesis, 'Hindu Nakshatras' to suppose that Bhaskara was 

wrong in supposing that ^ */R 3 — a a >fl. Bhaskara could 

not evidently commit such a silly mistake but we must 
infer that in that context he called Sh as the Sphutas'ara 
whioh being added to Bn the Kranti or what is the same 
LN gives SN the Sphutakranti or the modern declination. 
Rra is called by him as AsphutakrSnti, In this context he 
calls SM as the Sphutastara since it is Dhruvabhimukha ie. 
directed towards the pole. Of course, Bhaskara should 
not have called both SL and SM as Sphubatfaras but since 
he was deliberately defining the Sphuta^ara as SL previously 
and now as SM, and since he could not commit such 

a glaring mistake as to construe **/ R B — a? as greater 

than Q, we should n/>fe rush to pronounce that Bhaskara 
was wrong. Only we could say that he is inconsistent 
to that extent. 

Vtrsc 7. The polar longitudes of Agaatya (Canopus) 
is 87° and his polar latitude is 77 south. The polar 
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longitude of Lubdhaka (Sirius) 86 s and its poiar latitude 
ifl 40° Boufch. 

Comm. Clear. The star Agastya is considered to be 
important m Indian literature because the heliacal rising 
and setting of Agastya are directed to be noted and in 
fact are being noted in every panchanga even today from 
limewmmemorial. Even Kalidasa alludes to this heliacal 
rising of Agastya as inaugurating the S'arat-kala or 
autumn which was reiterated by Varala Mihira in his 
Br^t-Samhita under the verse aimimnnKr- ' 

*m «wift, roftaift 3*f«*ftw>:f3iir ftffa " ie. when 
Lord Vishnu whose eyes are supposed to be the Sun and 
the Moon and his eyelids the clouds, opens his eyes ie. on 
Kartica Ekadasi the 11th day of the bright half of the 
lunar month of Kartica thea Kings are directed to perform 
Nirajanavidhi for his horses, elephants and chariots (to 
start on an expedition for war). It is to be noted that this 
was so long ago in times of yore that Agastya used to rise 
at the beginning of autum. Now the star is rising about 
22nd August long in advance even in the rainy season. 
Ibis is on account of the effect of precession of equinoxes. 

f- V t er8e T 8 ' The ^nadiB Agastya are said to be 
two for Lubdhaka a*, .for other stars which are next in 
size, a* and for still smaller ones the Istanadis are to be 
taken still more. 

Comm. Istanadis ie. the time in nadis (where a nadi 
is equal to 24' of time) giving the time in between the 
rising moments of the star and the Sun, when thenar rises 
he haca ly. m other words, let the star Agastya rise at a 
particular time t. If the Suu rises at f+48', then it is 

h J l 7i 01 $ ga8tya t0 ri86 h8liaoali y- This ^eans 
•hat if the Sun sets at time T and the star at T+48' in 

i? ^ TT'* i8 time for the star <° bbI heliaoally 
m the west. Similarly for the other stars. It will be 
noted here that stars set heliaoally in the west and rise 
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heliaoally in the east. This phenomenon has been long 
in the notioe of even the most illiterate people of India 
from times immemorial, as they were used to get up from 
beds round about the time when a brilliant star rose 
heliaoally and stood in the eastern horizon, shining for a 
good length of time before Sun-rise. Eaoh star of first 
magnitude thus played the part of a morning star for some 
time, though perhaps the illiterate folk mistake them to 
be the same star. Especially the brightest stars of the 
zodiac thus play the part of morning and evening stars 
The case with respect to Agastya and Lubdhaka is different 
in that even though they are far away from the zodiac 
yet they were noticed to be morning and evening stars by 
virtue of their being of the first magnitude at a spot of the 
sky in the vicinity of whioh no other such brilliant stars 
are there. This is the reason why panohanga— Computers 
have been in the habit of recording in the panchanga even 
to-date the heliacal rising and setting of Agastya, also 
because the heliacal rising of this star synchronized with 
the setting in of S'arat-kala or autumn. Since in India 
the lunar Kartiea Ekadasi, ie. the 11th day of the bright 
half of the lunar month roughly synchronized with 15th 
Nov,, when the Sun rose far in the south of the horizon 
this Agastya, though it be in the far south, happens to 
play the part of a morning star and about the day when 
it rose heliaoally, there were no more rains and waters of 
the rivers stood crystal-clear as described by many 
Sanskrit poet like Kalidasa (vide the famous verse of 
Kalidasa iraoi^fewp,, $K|irft ^sre: 4th canto Raghu- 
vamsfa). 5 

The star Lubdhaka or Sirius, the dog-star as it is called 
in English parlance also was conspicuous as a mornina 
and evening star whose heliacal rising was noticed and 
recorded by English poets like Shakespeare and Milton. 

Since one nSdi corresponds to 6°, two nadis correspond 
to 12 , degrees, which are spoken as KalBm** for the 
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heliacal rising of Agastya. They are so termed, because 
they indicate the K5la or the time in between the rising 
of the star and the San which signifies the moment of its 
heliacal rising. Indirectly therefore these Kslamsas indi- 
cate which star is of which magnitude, A star which has 
12° as Kalamsas is therefore of first magnitude ; and as 
the Kalamsas increase, the magnitude also increases. It 
will be rembered that the higher the magnitude of a star, 
the fainter it will be and not the brighter as is likely to be 
misconstrued by lay people. 1 

Verse 9. To compute the moment of conjunction of 
a planet and a star. 

The Ayana-Drk- Karma is to be done as mentioned 
before (with respect to the planet) and the Sphutatfara is 
to be computed to know the time of (polar latitudinal) 
conjunction. 

Comm. We are directed to use the polar longitude 
and polar latitude with respect to the planet because this 
kind of conjunction will be more oonspiouous than a 
celestial latitudinal conjunction because the Ecliptic is 
far more inclined than the Equator with respect to the 
horizon. 

Verses 10, 11. 

The difference in the longitudes of the planet and the 
star, divided by the daily motion of the planet, gives the 
number of days approximately after or before the moment 
of conjunction. 

If the planet be retrograde, the conjunction past or 
future will be in the reverse ie. future or past. 

Comm. Let x and y be the polar longitudes of the 
planet and the star and let x<y. Since y is constant as 
the stac haa no motion, * has to increase to the extent of 
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y to be in a polar latitudinal conjunction. Henoe (y—x) 
is to be covered by the planet as per its daily motion say 
m. So the number of days that is to elapse for conjun- 

ction is . If x>y, then the conjunction was past by 
x—y/m. If, the planet be retrograde and x <y, the con- 
junction was past by days and if x >y, the planet 

m 

being retrograde, the conjunction is to take place in x ~ v ^ 

m 

Note. Though Bhaskara does not mention here 
Asakrb-Karma ie. method of successive approximation, it 
is implied because the motion of the planet differs from 
moment to moment as well as its Sphutas'ara. Hence 
having obtained the approximate moment of conjunction,, 
compute again the true motion of the planet at that 
instant, as well ag its Sphutas'ara and 5yana-Drk-Karma. 
The latter ie. Ayana-Drk-Karma is to find the polar 
longitude from the celestial and the Sphutas'ara is the polar 
latitude ie. SM of fig. 120. The Sphutas'ara is required 
for the purpose of finding the distanoe in between the 
planet and the star on a polar latitudinal circle and not to 
compute the moment of conjunction. 

Verses 12, 13, 14. To compute the moments of 
heliacal rising and heliacal setting of a star. 

Compute the Udayalagna and the Astalagna of Agastya- 
and Lubdhaka doing Aksa-Drk-Karma alone. Assuming 
the Udayalagna to be the Sun, compute the lagna for the 
Ista-kala nadis (ie. after a lapse of Istanadis after the 
moment) given before (namely 2 nadis for Agastya and 
2£ for Lubdhaka) which will be the longitude of the Sun, 
when the star (Agastya or Lubdhaka or whatever it be) 
rises heliaoally. Thus the Udayarka is a point of the 
ecliptic which rises when the star rises heliaoally 

66 
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Having computed the Aaba-lagna of the star, taking 
it to be the San, compute the lagna in the reverse direction 
ie. the lagna which preceeds it by the Ista-kala given. If 
this lagna be decreased by 180°, it will give the longitude 
of the setting San at the time of the heliaoal setting of the 
star. Or again find the longitude of the point of the 
ecliptic which is ahead of the Astalagna which takes (60 — 
Istanadis) to rise after the Astalagna; this longitude 
deoreased by 180° gives the longitude of the setting Sun 
at the time of the heliaoal setting of the star. The heliaoal 
rising or setting takes place when the longitude of the Sun 
equals the longitude of the point of the ecliptic which is 
technically called the Udayarka or the Astarka respectively. 
The difference between the longitude of the Sun and that 
of the Udayarka or the Astarka divided by the daily motion 
of the San gives approximately the number of days that 
have elapsed or are to elapse for the heliacal rising or 
setting as the case may be, 

Comm. Here we are to carefully differentiate between 
the technical words (1) Udayalagna of the star, (2) Asta- 
lagna of the star, (3) Udayarka and (4) Astarka of the 
star. The word Udayalagna means that point of the 
ecliptio whioh rises simultaneously with the star. The 
word Astalagna means that point of the ecliptic which is 
rising when the star is setting. The word Udayarka means 
that point of the ecliptic which rises when the star rises 
heliacally. The word Astarka means that point of the 
ecliptic which is setting while the star Bets heliacally. Thus 
the four points are only points of the ecliptio. 

Let A be the Udayalagna of a star on the circle CAB 
which is the eoliptic. We know that the position of the 
star should be above the eastern horizon, to rise heliacally, 
by such a distance that the time in between the rising of 
the Udayalagna and that point of the eoliptic which will 
be rising when the star rises heliacally must be the Isfca- 
kala nadis. Let B be a point ahead of A on the ecliptio 
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c* horizon, as well as the star 
that has risen along with A 
and now the position of the 
star is such that the time 
in between its rising and 
the rising of B is equal 
to the Ista-nadis. Hence 



#, B rises, A will have gone 



f op a little above the eastern 



such that the time in bet- 
ween the rising of B and 
the rising of A is equal to 
the Ista-nadis. By the time 



Fig. 121 



B, which is a point of the ecliptic is termed Udayarka 
signifying thereby that when the Sun coincides with B, 
the star rises heliacally. Thus the Udayarka B is ahead 
of the Udayalagna A and the time in between their risings 
is equal to Ista-nadis. 

Let now A' be the Astalagna ie. the point whioh rises 
when the star sets. This point will not be, generally, 
diametrically opposite to A because, the time between the 
rising and setting of a star which is given by double the 
rising hour-angle will be far more than half a sidereal day 
when the star has a large northern latitude and in the case 
of one having a large southern latitude, the time will be 
far less than half a sidereal day. 

From A' find C which is behind A' such that the time 
in between the rising of A' and C is equal to Ista-nadis. 
Then the point diametrically opposite to C namely is 
called Astarka ie, when the Sun is^at the star sets helia- 
cally in the west. It is bo because, when the Sun is on 
the western horizon setting at 0, C will be the lagna and 
when the star is setting A' is the lagna and as these two 
lagnas .differ by Ista-nadis, the time between the Sun's 
setting and the star's setting is also equal to Ista-nadis. 
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In other words the star is within the I?ta-nSdi distance 
from the Sun and as G is behind A by Ista-nadis, the 
setting Sun at C will be behind (ie. has a lesser longitude) 
the setting star by Ista-nadis. Hence the star sets then 
heliacally. Thus we see that <the Udayarka and Astarka 
given by the points B and C are respectively in advance 
(ie. has a greater longitude) aod behind (ie. has a lesser 
longitude) of the Udayalagna and Astalagna removed by 
an Ista-nadi distance. It will be noted that the arcs AG 
and AB are not equal though the equatorial arcs corres- 
ponding to them are equal. 

Instead of finding C' from A' by the Vilomalagna 
method and taking its diametrically opposite point, Bhas- 
kara gives an alternative namely to find G from A' by the 
Kramalagna method the time being (60-Ista-nadikas). 
This is evident. 

Bhaskara prescribes only Aksa-Drk-Karma to be per- 
formed here in finding the Udayalagna and Astalagna of 
the star because the star's polar longitude is already one in 
which the Ayana-Drk-Karma is contained. 

Thus from fig. 121, when the Sun-rises at A, the star 
rises, when the Suns rises at B the star rises heliacally 
and when the Sun sets at G, the star sets heliaoally. 

Verse 15. If in the case of a star, the Astarka 
happens to have a longitude greater than the Udayarka on 
account of a very big northern latitude, that star does not 
set heliaoally (and so the question of heliacal rising does 
not arise). 

Comm. In Fig. 121, the Astarka C happens to have 
a longitude less than that of B (because CAB is the dire- 
ction of increasing longitude ie, positive direction). At 
times it so happens that G lies towards the positive 
direction of B ie. it has a longitude greater than that of B. 
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This happens when the star has a long northern latitude 
and therefore the AksvDrk-Karma correction will be 
sufficiently large and the star has a small north polar 
distanoe. This may be substantiated as follows. 




Fig. 122 

We have the formula cos h = - tan tan g which 
gives the rising hour-angle of the star. When g is nearly 
equal to 90 then cos h will be nearly equal to '— 1' 
which means that the rising hour angle is nearly equal to 
180°, ie. the duration of the star's stay below the horizon 
will be very small. This means A' approaches A very 
nearly (fig. 121), for example when it is in the position A/. 
Then let 0/ be the point which is behind A' by Ista-nsdis 
so that 0/ the diametrically opposite point Gj is far ahead 
of B in stead" of proceeding it. This means that the star 
which should first set heliacally and then after a few days 
rise heliaoally, is now in suoh a position that it is to rise 
heliacally even before setting heliaoally. This is an un- 
tenable position. That this is not tenable may be seen 
otherwise. The diametrically opposite point of Astalagna 
ie. the point C of the ecliptic which should set along with 
the planet should have a longitude less than that of the 
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Astarka C,'; but 0/ will have now a longitude less than C 
which is incongruous. 

In such a situation, Bhaskara says, there is no question 
of the star setting heliaoally at all. This is indeed, an 
ingenious mathematical presentation of a physical pheno- 
menon, which reflects credit to Bhaskara's genius. 

Verse 16. Circumpolar stars or Sadodita stars. 

If a star has a northern declination greater than 
90- i (ie. <£>90-$) it will be always above the horizon ; 
also if the southern declination is greater than 90^ such 
a star will never be seen in a northern latitude, be it 
Lubdhaka or Agastya or even a planet for the matter of 
that. 

Comm. (Vide fig. 122) Let S t be a star such that 
PS/<PN ie. 90-$<<J ie. $>90~<i. It is clear from the 
figure that its diurnal path is entirely above the horizon. 
It is called a Sadodita star or circumpolar. 

Take the case of S a . Its southern declination ie. QS a ' 
is greater than the lamba (90- &) ie. QS. It is evident 
from the figure that its diurnal path is entirely below 
the horizon. 

Bhaskara gives two examples here namely (1) where 
the latitude is greater than 37°, there Agastya will not be 
visible (having a great north-polar distance), (2) where 
the latitude is greater than 52°, there Abhijit is always 
above the horizon (having a small north-polar distance). 

Bhaskara adds, 'even a planet'. This will be true, 
for example, in a high latitude say 89°. Suppose the 
southern declination of a planet is greater than 1°. On 
that day and for some more days also, the planet's diurnal 
paths will be below the horizon as will be clear from a 
figure. 
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Verses 17 to 21. Ancient astronomers happened to 
give a list of polar longitudes and polar latitudes at a time 
when there were no Ayanamsas ie. when the zero-point of 
the eohptio as taken by the Hindu Astronomers namely 
Aswini coincided with the modern zero-point namely r. 

In fact these polar longitudes and latitudes do change 
if there be Ayanamsas. Here in this case from the polar 
latitudes the celestial latitudes are to be computed in a 
reverse process ; with the half of these celestial latitudes 
the Ayana-Drk-Karma is to be effected in the reverse 
process to obtain the celestial longitudes. After having 
obtained the correct celestial longitudes and celestial 
latitudes, now, bringing the Ayanamsas into the picture 
compute the correct Drk-Karma and also rectify the 
celestial longitudes, to obtain the correct polar longitudes 
and polar latitudes to compute the moment of polar 
latitudinal conjunction. This case may be taken when the 
Ayanamsas are large, otherwise, a small difference there 
will be, (which does not matter). 

Comm. Bhaskara-gives the process in the course of 
the commentary. We have the formula 

Sphuta Viksepa = Asphuta Viksepa X Yasti 

Radius 

Here we know Sphuta Viksepa. At once, we could not 
say Asphuta Viksepa = Sphuta Viksepa^ Radina 

Yasti 

computing Yasti from the modern Ayanamsas. Yasti is 
a fanotwn of declination too, because the Ayanavalana is 
a function of declination. We know, the declinations 
change m the wake of precession of the equinoxes. So 
there is no point in taking the value of the present Yasti' 
We should compute it for the Ayana^unyakala or for ihe 
time when Aswini coincided with r. Then the formula 
could be apphed. Then with this celestial latitude obtained 
Ayana-Drk-Karma is to be effected to obtain the present' 



520 



polar longitude, using the modern Ayanamsas. Since in 
this process, we have no definite knowledge of the then 
celestial longitude ie. of the Ayanatfunyakala, the method 
of successive approximation is appealed to. 

k But this method of Bhaskara 

l\ may be modified to an easier pro- 

I \ cess as follows. Let rh, L8 be 

J 'V/ the polar longitude and polar lati- 
l tt s^** tude of a star as given by Acharya3 
^0^' in whose time the Hindu first 

y,"a m point of the zodiac coincided 

with r. It is required to find rN 
Fig. 123 and NS the celestial longitude 

and latitude which hold good even 
today becaus rN and NS are the same as AN, AS, A being 
the first point of Asfwini and a celestial longitude measured 
from A along the ecliptic is not subject to change on account 
of precession of the equinoxes as well as the celestial lati- 
tude. From the spherical triangle rLM, cot rLM = cos rL 
tan to (1) and from the triangle SNL, tan LN = 

cos SLN X tan SL = oos rLM tan SL (4) and sin SN = 
sin SL X sin SLN = sin SL X sin rLM (5). From (1) 

the angle rLM is obtained ; substituting this value in (2) 
and (3) LN and SN are obtained. Adding LN to rh we 
have rN. 

Thus the celestial longitude and latitude are found 
far more easily and more accurately than from the 
laborious method indicated whioh gives only approximate 
results. 



Here ends the Bhagrahayutyadhikara. 



PST5DHYAYA 



Verse 1. Even scholars get confused while computing 
the occurence of a Pata, uaable to know whether it has 
already occurred or is going to occur. So, I seek to olarify 
the method of computing the moment of ooourrenoe of a 
pata. 

Comm. (1) There are what are oalled patas, two in 
number, called Vyatipata and Vaidhrti. The first is 
defined as occurring at that moment when the Sun and 
Moon have equal declinations, being situated in opposite 
Ayanas but the same gola. The words Uttaragoja and 
Daksmagola are used by Hindu Astronomers as the 
northern and southern halves of the celestial sphere on 
either side of the celestial equator, respectively j where as 
the words Uttara-Ayana and Daksina-Ayana are used to 
connote the times when the Sun or Moon have tropical 
longitudes (measured from r instead of Aswini, the zero 
point of the Hindu Zodiac) one lying between Capricorn 
and Cancer, and the other lying between Cancer and 
Capricorn. Thus Vyatipata occurs when the Sun and 
Moon each lies in one of the first or second quadrants of 
the ecliptic measured from r or each lies in one of the 
third or fourth quadrants of the ecliptic ; (both should not 
He in the same quadrant) and have equal declinations. 

The second Pata Vaidhrti occurs when the Sun and 
Moon have equal declinations, they being situated in the 
same Ayana but opposite golas. These two moments are 
considered to have malefic effects on humans and the world 
01 life Though the moments are to be computed by a 
knowledge of spherical astronomy, they have only an 
astrological significance. A chapter, usually the last, has 
been devoted to this subject in every book of Hindu 
Astronomy. The method of computation was felt difficult 

66 
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by the ancient Hindu astronomers, before the time of 
Bhaskara, for the reason that the Moon does not exactly 
move in the ecliptic but in his own orbit whose inclination 
to the eoliptic was taken to be 4J°. The points of intersec- 
tion of the ecliptic with the lunar orbit, or what are called 
Bahu and Ketu, the nodes of the lunar orbit, have 
themselves a motion backwards on the ecliptic in 18.59575 
solar years as per Bhaskara. This makes the lunar orbit 
oscillate about the mean position of the eoliptio, so that 
sometimes the lunar orbit lies between the oelesbial equator 
and some-times not between them. This phenomenon 
makes the computation more difficult, to obtain the 
declination of the Moon. Bhaskara says that even great 
Acaryas like Lalla and Brahmagupta went wrong or got 
confused in computing the moments of the ooourence of a 
Pata. Bearing upon Bhaskara's statement that such Aoaryas 
also got confused, some second-rate astronomer exclaimed 
in the following interesting manner " fo^fetarraW^ 

*W ilTSfsrerc: " ie. 44 when even an unrivalled scholar like 
Lalla, who was well-versed in the three branches of 
Jyotisa betrayed his ignorance in this context of Patadhi- 
kara, though I am a bit of a mathematician, I oould have 
no pretensions to any knowledge in this difficult. chapter 

In Fig. 124, Vyatipata occurs when SL=MN where 
S and M are the Sun and the Moon situated respectively 



/"^C^l^ interchanged ie. S may be 
(\^>^* *~ * n tne second quadrant of 

** tn « eoliptio and M in the 

Fig. 124 firsli quadrant and if their 

deolinations be equal, then 
also Vyatipata occurs. Of course in this figure 124 we 
have taken the Moon also situated on the ecliptiq. ' I a 




in Uttarayana and Daksi- 
nayana but in the same 
uttaragoja. The positions 
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actual computation, we should not take the Moon as such. 
The pata named Vaidhrti occurs when in the same Fig. 
124, SLtsM'N 1 . Herein both the Sun and Moon are in 
the same Ay ana namely Uttarayana but in opposite gojas. 
If we assume the Moon to be moving on the ecliptic, 
Vyatipata occurs when the sum of the tropical longitudes 
of the Sun and Moon equals 18D° and Vaidhrti occurs 
when the sum of those longitudes is equal to 360. 

Verse 2. Definitions of Goja-Sandhi and Ayana- 
Sandhi with respect to the Sun. 

When the tropical longitude of the Sun ie. his 
longitude measured from r along the ecliptic is equal to 
0° or 180°, then he is said to be at his goja Sandhi. In 
other words, when the Sun who moves along the eoliptio 
comes to the celestial equator, he will be at his Goja 
sandhi. Similarly when his longitude is 90° or 270°, he is 
said to be at the his Ayana-Sandhi. 

Comm. This means that when the Sun is about to 
pass from the Daksina goja to the uttaragoja or from the 
uttaragoja to the Daksinagoja he is said to be at a Goja 
Sandhi. Similarly when he is about to go south or when 
he is about to go north, he is said to be at Ayana Sandhi. 
The word 'Sandhi* means junotion. Thus the points r and 
(Libra) are said to be goja Sandhis whereas the points 
denoting Cancer and Capricorn are Ayana-Sandhis. Since 
in Bhaskara's time the Ayanamsas were 11°, ie. the point 
r was behind the zero point of the Hindu Zodiac by 11° 
therefore Bhaskara gives the Gola Sandhis as the points 
having longitudes 349° and 169° respectively. Similarly 
the Ayana Sandhis were the points having longitudes 79° 
and 259° respectively. 

Bhaskara gives the method of locating these goja 
Sandhis or Ayana Sandhis as follows. Erect a gnomon 
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vertically with the help of a plumb-line. Draw a circle on 
the horizontal plane having the foot of the gnomon as the 
centre and any arbitrary radius. Draw the East-West and 
North - South diameters of the circle. The longitudes of 
the Sun when the shadow of the gnomon lies*aIoag the 
East - West diameter give the goja Sandhis. Note the 
direction of the shadow daily after the day when his 
shadow is along the East - West line. If the Sun rises 
thereafter a little towards North of the East point, then he 
is said to be in the uttara go]a; his shadow will be a little 
south of the East - West line. The point at which the 
Sun thus begins to rise north of the east point, is the Mesa 
goja Sandhi or the vernal equinox. Gradually the Sun 
goes on rising at points which are farther and farther away 
from the East point. When he has reached the extreme 
north point, ie when the gnomon's shadow is extreme 
south, he is at the Cancer. Similarly when he rises at the 
extreme South point on the horizon, he is at Capricorn 
Bhaskara actually noted these four points and the lend 
tudes cited above were given by him as the Goja Sandhis 
and Ayana Sandhis. Indirectly, he could know that 
the Ayanamsras at the time of his writing the book 
were 11 . ' 



Moon. 



Vene, 3 to 6. Speciality with respot to the 



Let the Haine and Hoosine of the tropical longitude of 
the pata (Kahu the ascending node of the lunar orbit) as 
per be -mailer table of Hsines when the radius is take n to 
to 120 , be respect.vely multiplied by 123 and 7 and 
divided respectively by 4 and 12. The results are known 
as the Bahuphala and Kotiphala respectively. According 
as the tropical longitude of Rahu ie a be such that as 
270° < A < 90' or 90°< , < 270', the Bahuphala is to te 

thill by fi V** K „ ot i pbala - Snbtraot 

the Goja Sandhis and Ayana Sandhis of the Sun, to set 
those of the Moon. * 
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Comm. from the Hindu Astronomical point of view 
this is an intricate procedure which made that particular 
half-learned astronomer declare "Trmfa^ jjrsfa^:" 
ie. "I have no pretensions to have understood the 
chapter known as Patadhikara We perceive herein 
Bhaskara's mathematical understanding of the problem. 
His procedure is approximate beoauae he uses (1) the 
smaller crude table of Haines taking the radius to be 120' 
instead of 3438. (2) also because he gives the Sun's 
declinations for longitudes 15°, 30° etc. as well as Moon's 
celestial latitudes for his longitudes of 15°, 30° etc 
relative to the node in his orbit. Of course, his mathema- 
tical procedure was oorrect. 

He exemplifies his mathematical prooedure by solving 
a problem given in the pras'na-Adhyaya of his book 
Gojadhyaya, The problem set by him is as follows. 

•Rftfiwf S&Rft fa mi 
^rK ^ 

* 

ie. If the tropical longitude of the Moon is 100°, that of 
the Sun 80°, and the longitude of the Moon measured in 
his orbit from the Node Rahu is 200°, compute the moment 
of the occurence of the pate, if you know what was said by 
Iiaila in his work S'isya dhlvrddhida. We shall first 
understand Bhaskara's mind and subsequently we shall 
give a modern prooedure. 
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Fig. 125 

Befer to fig. 126. Gr NK is the celestial equator, RrL 
is the ecliptic and RGAM the Moon's orbit where R is the 
Rahu or ascending node of the lunar orbit. Let the 
obliquity of the eoliptio be <» (omega) and the inclination 
of the lunar orbit to the eoliptio be i. o> was taken to be 
24° and i 4i° by Bhaakara. Let the lunar orbit RGAM 
cut the celestial equator in G which is called the Moon's 
Gola Sandhi. r is the Sun's Gola Sandhi. Bhaskara first 
wants us to locate G ie, to find rQ which gives its longitude 
Let A be the position of the Moon when his oelestial 
longitude is zero ie rA is perpendicular to the ecliptic. 
Let M be the position of the Moon when his celestial 
longitude is 16° (Here the figure is not drawn to scale but 
a little exaggerated for the sake of clarity). Let ML be 
the celestial latitude of the Moon in its position. M. If 
LK be drawn perpendicular to the equator, LK is called 
the Asphuta - kranti of the Moon. ML is oalled the 
Asphuta-Viksepa of the Moon. MN drawn perpendicular 
to the oelestial equator ie. the declination of the Moon is 
called Sphutakranti of the Moon. Draw perpendicular LS 
on MN. Then MS is called the Sphufa Viksepa of the 
Moon. Since MN = M« + LK Sphutakranti = aphufa 
Viksepa + Asphutakranti. Let Ap be the declination of 
the Moon when his longitude is jsero. 
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Pig. 126 

™ ?[ 0W T fer t0 fig ' 126, Let NS be fehG eoliptio and 
. the cel estial equator. The quadrant NS equal to 90 p 
ib divided into six equal parts at S lt 8, etc. The successive 
declinations of S,, S 9 etc. are given by Brahmagupta as 
362 703, 1002, 1238, 1388, 14*0 where the rtZT&Z 
to be 3438'. In other words 1440 = H Sin w = H Sin 24° 
These can be easily verified from the formula 
H sin X X H sin a> 



H Sin $ = 



B 



putting A « i5« f 3Q» etc. and R = 8438'. 
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H Bin fi~ HShuXHSIni M „ H Bin i X i 



B 



since £ and , are small and B is taken to be 130', we have 

Ul.tudes of the Moon for ares BM„ RM, ete. successively 
equal to 15« 30' eto. given by 70, 135, Ifll, 334, m, 

270' =V F W ° m " imum 0ele8tial latitnae is 

SaratiTdr 11611 i = 'T' takiDg * = 120 & = TO '- ">e first 

l oot, x 70 ' e " """^ f ° r J = 15 *' " W 
Bhaskara Calls Kofiphala. 

It will be noted here that the first Sarakhanda is 
taken to mean the increase in the celestial T latitude 

0-°ToT 5 ' V Wh6D l0ngitDd9 el from 

O to 15 . The argument adduced by Bhaskara in 
such a context is as follows: "If for a H Cosine X 
equal to B equal to 120' (when X = 0) we have the firs 
S-arakhanda namely 70', what shall we have for an 

arbitrary H Cosine X ". The result is H cos j X 70 _ 

120 

„ H cos x Since the word Cosine means Kotijys 
Bhaskara oalls this Kotiphala. ""F'jya, 

Now in fig. 125 let rh - 15°, then LK = 362' as given 
by Brahmagupta. Bhaskara takes this 862 as a (8) wher. 
8 1 is the declination of the foot of the celestial latitude of 
the Moon. Then if be the celestial latitude of the Moon 
Bhaskara construes that a fi is given by the formula A 
H Cos A, wh.oh he calls Kot.phala. Taking A g + A A " 
the joint variation of g and £ which is ronghly _ eqTted 

Moon " m °' ern de0,inatio " MlTof the 
Moon, B haskara g „ gument ;s for a Jo e 

of the Moon corresponds Ag ± a£ what should be the 
longitude corresponding to the declination Ap of the Moon 
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w i*ViV ongibade is eqaaI to-** ** The » 

' W ^ f I I? ^ 1 ?° k ed up0n as the l0 «W^ of the Moon at O 
called the Go! a Sandhi of the Moon. 

But AP = the Spbuta Viksepa of the Moon when his 
longitude is equal to zero where rA is the Asphuta Viksepa 
at that point. Using his method of calculating AP from 
Ar, Ap .= ^LXHcoag ^ 

H sin & =» HBiaaXH s - iEi 9Q + <0 

R • 

Here AP pertains to the longitude X equal to zero so 

that H sin § .= H"5i^JL«n. _ 

v - * — xl sin a». 

■ .V H cos $ — H cos a = H cos 24° = 110 when R = 12(y 
Hence Ap = Ar x HP = 1 1 Ar 

But Ar is the celestial latitude of the Moon to be 
calculated from RA taken to be X 

• rA — H giD j X 270 9 XT ■ » / i_ 
" laij =1 H sin ^ {where 270'-4i°=*) 

taking R « 120 .-. Ap = | H sin a X ft. Hence 

rQ from I = | H sin X X H X 16 

± a£ 

But 135x11 13^ . t L 
U6 ^4 — * j2 — = — H sin A. This has to 

be divided by A $ ± A& In the problem given, a = 100° 
and AS is taken as 362. To obtain a£ Bbaakara adduces 
the argument If at X - 0, the first S'arakhanda of 70 
corresponds to H oos X = 120' what amount of S'ara- 
khanda corresponds to an arbitray H cos A ?" The result 
IH H oos X X 70 7 „ 

j 20 H cos a. This he calls Kotipbala 

because it is based upon H oos X whiefc is the Kotijva 
67 * 
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Thus in the given problem Where I m 100£ # 
H cos 100° = X 21 (since H cos 10 J - - Qjn&J&j* 
r; 120 X '1735 = — 21 approximately where R « 1 20') a 
- - I2'-15" Ad±AB = m- 12M5 - 349-45. 

Now -4* H sin X to be divided above = 328 x 118 

4 

— 3G28'-30", 
so that i|A H sin x X 1 & 362S'-3Q" 

A$ ± Afl 34y-45 

= 10°-22'-28" = 

= rQ. Now r's longitude from the zero point of the 
Hindu zodiao is 11 RaVis 19° so that Q'« longitude = 
11 R-19 Q minus 10°-22'-26" = 11 Rgtfis b°-37'-32". This 
gives us the longitude of G which is called the Moon's 
Gola Sandhi. Adding 3, 6, 9 Ratfis, we get successively 
the firsfc_Ayana Sandhi, the other Goja Sandhi and the 
second Ayana Sandhi of the Moon. 

(3) Bhaekara overlooked a crudeness in his proce- 
dure namely that aS is perpendicular to the ecliptic 
whereas a§ is perpendicular to the celestial Equator, but 
since a B is BnalJ, be overlooked the nicety. Strictly 
speaking a B should have been corrected for Ajanavalana. 

(2) There is also crudeness in computing A$ and 
A B for arcs of 15°, whereas they should have been done 
forinona eof every degree in the longitude. He could 
have done that, because at the end of the Gojadhysya he 
gave tb.3 method or computing the H sines for every degree 
under the caption sif^WISirejTfafa. 

We shall now give a modern method of computing 

the value of rQ. From the spherical triangle RrA, where 
✓\ 

,rR = 100°, ii = i = 4£°, we have 



tan 4£ 



m 



/. log tan rA = log cos 10 + log tan 4$° 

— 9*9934 + 6*8960 = 8 8894 rA = 4P-2&. 

From the spherioal triangle r AG, 

r«sr — tan rA 

cob 90— a = - — 

tau Gr 

log tan Gr = log tan rA — 

log Bin o) = 8*8894 — 9*6093 

*= 9*2801. Again from the spherioal triangle rQG, 

tan rO 

008 a — 

tan Gr 

.*. log tan rQ = log tan Gr + log oos a> 
= 9*2801 + 9 9697 = 9 2498 

.*. rQ = 10°-5' whereas Bhaskara got 10°-22'-28". 

This shows how Bhaskara was correct mathematically. 
The Btnall difference there is, due to his taking Hsines for 
aroa of 15° instead of for smaller arcs. 

Note. In the commentary called Sikha of one Sri 
Keclara Dafcta Josi (page 357) we find a mistake committed 
namely that he subtracted 3 R-10° the longitude of the 
p3ta which is in Ras'is and degrees from the Sphutakranti 
34Si'-46". What Bhaskara meant was, that since the 
longitude 100° exceeds 90°, the cosine will be negative 
which therefore entails a /J to be subtracted from aB. 

Verse 7. How to know the occurrenoo of a pafea. 

If the Sphutakranti of the Moon, when it is maximum 
be less than that of the San, then there could be no 
ocoasion for their declinations to become equal in the 
near future. 

.- (kmm. The situation in which the maximum deoli- 
nation of the Moon falls short of that of the Sun, arises 
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when the lunar orbit comes in between the celestial 
Equator and the ecliptic. This situation, in its turn 
depends upon the position of Rahu. Since Bahu's sidereal 
period amounts to nearly 18* years, the lunar orbit 
happens to take its position in between the celestial 

Equator and the Ecliptic for sufficiently a long period as 
shown below. 

That Bhaskara could visualize this, reflects credit 
to his genius. This is why he formulated a$ + aB 
stressing upon the plus or minus sign. 




Pig. 128 



Bhaskara gives an example under the above verse 
in the commentary to justify his finding given above. 
Suppose Rahu is at the autumnal equinox and the longi- 
tudes of both the Sun and the Moon are equal to 79° 
Adding the Ayanams'as ll*. their longitudes are each 90* 
so that both of them are at the summer solstice ie. an 
Ayana Sandhi. (Of course the Moon is not exactly at the 
position of the Sun, bub he being in his own orbit, his 
longitude measured along the Ecliptic is 90°) Then 
evidently the lunar orbit lies in between the ' celestial 
equator and the Ecliptic. Then tbe declination of the 
Moon u , 9 i'-*i- =19F=1170> and the declination of *he 
Sun is 24^440'. Thus the Moon's declination when 
it is maximum falls short of that of the Sua After half 
of the sidereal period of the Moon namely 13| days, the 
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longitudes of the Sun, Moon and Rahu are respectively 
3-2-23-12, 8-19-4-26 and 6-ll T 43-28 (in RaVis, degrees 
etc ), taking mean motions into account. When the Moon 
has the maximum southern declination in the position Mi 
of fig. 129 his longitude will be however 8-10-9- 35 and then 
his declination will be 1169. At that moment the decli- 
nation of the Sun will be 1398. Even here the Moon's 
declination falls short of that of the Sun. Again after 
13§ days, we find the declination of the Moon falling short 
of that of the Sua. *Even after 2 months^ the Moon 
cannot have a declination equalling that of the Sun. 
This phenomenon occurs, when Rahu of the lunar orbit 
happens to be at Libra, and the Sun is at the summer 
solstice approximately. 

Verse 8. The definitions of Vyatipata and Vaidhrti. 

When the Sun and the Moon are in opposite Ayanas, 
but in the same Goja, and if then their declinations be 
equal, then that moment is said to constitute vyatipatayoga. 
If on the other hand, if both the Sun and the Moon be in 
the same Ayana and opposite Golas, and if then their 
declinations be equal, that moment is said to constitute 
Vaidhrti Yoga. 

Comm. Explained before. 

Terse 9 and first half of verse 10. To prognosticate 
the occurrence of a psta. 

When the sum of the tropical longitudes of the Sun 
and the Moon happens to be 180° or 360°, then the Vyati- 
pata and the Vaidhrti respectively will occur or will have 
occured. The number of minutes of arc by which the sum 
of the tropical longitudes falls short of or exoeeds 180° or 
360° as the case may be, are to be divided by the sum of the 
true daily motions of the Sun and the Moon, whioh will 
give aqproximately the number of days after whioh or 



before which the Yogas will oooar or would have ooeared 
Compote the decisions of the 8aa and the Mo™ for' 
that moment from the then trne daily motions. 

Comm. From fig. 124, it ia | ear that tri |e rSL 
and a MN are congruent so that rS = ^ M • 88 = MS 

■' = " M + ^ = 18 °° Again rSL 

and rM. W are congruent .*. rS = M'r 

/. rS + rM' = rM' + M'r = 360^ Thus in the former 
case which constitutes Vyatipata, the sum of the tropical 
ongitudes of the San and the Moon is 180- whereas in 
the latter case, which constitutes the Vaidhrtipata, the 
sum of those two longitudes is equal to 360°. 

Hence we are asked to note when the sum of the two 
longitudes is likely to amount to 180° or 360° On a 
particular day suppose the sum ia 180-0 or 360-0 • so 
that 6 is to be made up by the then velocities of the Sun 
and the Moon conjointly. Then -J- where u, v are their 

respective velocities gives the number of days or fraotiou 
of a day, by which the sum would be 180° or 360° as the 
oasemay be. As the velocities change from moment to 
moment, the above JL ia ouIy approximate> g Qj 

again the respective positions and respective velocities 
Suppose the sum of the longitudes is 180+0' or 360+0' 

and the velocities u> and v>, Then JL g ive3 the fraotion 

of a day after or before the moment in question when the 
pata3 occur Vyatipata or Vaidbrti. 

Verse 10. To know whether the Yoga is past or 
future. r 

If the declination of the Moon situated in an odd 
quadrant exceeds that of the Sun or falls short of the 



638 



B in an even quadrant the moment of the occurence of 
£3tabas -elapsed. Otherwise the pat* is -to take- dIm 
•hottly after. F 

_ Comm. This is clear because in an odd quadrant the 
declination of the Moon is on the increase. So if It be 
already greater than the Sun's, in future it will be far 
greater and as such cannot equal the Sun's declination. 
In other words the pata had already taken plaoe. 

Similarly in an even quadrant, the declination of the 
Moon is on the decrease. As such if it be greater than 
the Sun's it will become equal in future. Thus the pata 
is to take place. On the other hand if tho Moon's decli- 
nation is less than the Sun's, it will deorease further so 
that prior to the moment concerned a pata should have 
oocured. 

Latter half of verse 11 and verses 12, 13, 14. To 
compute the time of the occurrence of pata through a 
consideration of declinations. 

Obtain the difference of the declinations if they be of 
the same direction or their sum if they be of opposite 
directions in the case of Vyatipata ; obtain the sum or 
difference of the declinations according as the deolinations 
are of the same or different directions in the case of 
Vaidhrti. Call this sum or difference « the Adya' 
After a lapse of an arbitrary time or before the moment 
concerned, obtain the positions of the Sun, Moon and the 
Kahu ; also compute their declinatioDs and form their 
difference or sum as the case may be. Call this Anya If 
on both the occasions it is indicated that the pata has 
elapsed or is to elapse, obtain the difference of the £dva 
and Anya; otherwise their sum. Divide the arbitrary 
time taken, by the above sum or difference of the Adya and 
Anya and multiply by the Sdya. Take the result in 
ghatiB. Taking this as the arbitrary time, repeal the 
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process bill an invariable quantity is obtained in gbatit. 
This is the time by which the moment of the pata/hae 
elapsed or after which it is going to occur. 

Comm. (1) It might be asked "why bother finding 
the declinations at all, when it is defined that Vyatipata 
happens when the sum of the longitudes of the Sun and 
the Moon is equal to 180° and Vaidhrti is defined when 
the sum is equal to 360, since easily we could know when 
this happens without taking recourse to declinations ?'* 

The problem is not that simple. The above definition 
in terms of the sum of the longitudes is an approximate 
statement, because, the original and correct definition is 
that their deolinations must be equal in magnitude. If 
they be equal in magnitude but opposite in direction, they 
constitute Vaidhrti Yoga. If they be both equal in 
magnitude and direction, the situation constitutes Vyati- 
patayoga. In other words, when the diurnal paths of 
the Sun and the Moon coincide, the moment will be 
Vyatipata. If on the other hand their diurnal paths are 
of equal dimentions but one to the north of the celestial 
equator and the other to the south, then the moment is 
Vaidhrti. Though the^sum of the longitudes happens to be 
180°, the diurnal paths may not coincide beoause the Moon 
does not actually move on the ecliptic. So the situation 
is more complicated. 

Further the calculation of the declination of the Moon 
is to be done by calculating the Aspbutakranti ie. the 
declination of the point of the ecliptic which indicates 
the longitudinal position of the Moon and his celestial 
latitude ie. the Asphutaviksepa from the known position 
of the Node, and then by rectifying the Asphutaviksepa to 
obtain the Sphutaviksepa and then adding the Asphuta- 
kranti to the Sphutaviksepa to obtain the Sphutakranti. 

(2) The latter half of verse (11) and the fir at half 
of verse (lfy. 
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fh„ ™ «°™der the case of Vyatipita. Suppose at 
the moment concerned, the declinations are of opposite 
direction PiDd the snm of their numerical magnitud 8 ? 
Suppose they are of the same direction ; find tbeir d"ffer 
ence. This sum or difference of the declinations g ves 7 he 
distance between the planes of the dinrnal paths o he 
Snn and the Moon This distance is to vanlh in ra e r 

to nn/ th UrD s °° i00ide - 80 We ™ ^ nrs 

L Vv J -? I ,3t , an0e - SnpP ° ee We """erstand tha 

This ^"i \ I 8 6lap8 , ed by n ° Mn S the decimations 
This may be known eas.ly by the criteria given previ 
onsly. Supposing x and y to be the declinations of the 
Moon and the Sun and supposing that . is on the decrease 
and approaching y, then the Vyatipatba is to occur B« 
suppose a, < y and % is on the decrease, then the VyatipSta 
has aken place. Thus knowing whether the Vyatipatha 

L e T 1S ! 00C0Ur ' &,ter Sn arbitr ^ ^eTccm! 
pute the declinations of the Sun and Moon and form th"r 
difference or sum as the case may be which gives the 

found Z '7? £? diUrDal PathS - Let the fl^/distance 
found be called Adya and the second distance the Anya 
Then the Anya will be less than the Sdya because we hTve 
taken a t.me towards the occurrence of Vyatipst? when 
the , distance is to get nullified. Find the difference of the 

taken in between the moments of the Xdya and Anva 
the ^ distance between the dinrna! paths Is reduced "by 
Adya-Anya what time will be taken for the distant 
Adya to vanish?' we have the result stance 

T = 5dv » Xi „,. . . 

Sdya - An^i bieh glTea approximately the time 
that has to elapse for the ooonrrence of the pata This will 
be approximate. After a lapee of time T from the Sdya 
moment concerned, again compute the declinations and 
repeat the procsss. We arrive at a particular point of 
time, which gives the moment of occurrence of the pata. 

OH 
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In the coarse of the commentary under these verses 
Bhaskara solves two problems and points out that when 
there is a pata according to his exposition, the statements 
made by Lalla, Brahmagupta S'rlpati and Madhava all 
indicate that there would not occur a pata. 

But we feel that Bhaskara read too much into those 
statements on account of the following. Lalla states 

Brahmagupta states 

and S'rlpati says 

In fact all these three statements mean one and the 
same and are intended to be approximate statements, in 
the first instance, having ignored the latitude of the Moon. 
They are just statements like that of Bhaskara himBelf 
when he says that there will be a pata when the sum of 
the longitudes will be 180° or 360°. The statements pur- 
port to say that if the declination of the Moon when it is 
on the decrease happens to be less than that of the Sun 
which is on the increase, there oould be no pata. These 
statements so far as they go, ignoring the latitude of the 
Moon are perfectly in order. Bhaskara brings in a detailed 
analysis of two critical examples, to prove that there is a 
pata, but which is negated by the rough statements of the 
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four Acaryas, Madhava's statement in his Siddhanta 
Cudamam is as follows which is also in similar terms as 
those of the other three. 

Verses 15 and 16. To obtain the duration of the 

pata. 

The semi-sum of the diameters of the Sun and the 
Moon or what is the same the sum of their angular radii 
being multiplied by the Spastaghatis (obtained in the 
estimate as per the verses 11-14) and divided by the Adya 
in that context, gives the beginning and end of the pata 
from the moment of the computed time. The process 
being repeated according to the method of successive 
approximations we have the correct estimate of the 
duration of the pata. 

Oomm This is a convention stipulated with respect ' 
to the duration of the Pata. Strictly speaking, when the 
diurnal paths of the centres of the discs coincide in the 
case of Vyatipata, that will be the middle moment of the 
Vyatipata The pata is said to last for such a time as the 
distance between the Centres of the discs (north-south 

fil'r ™ > r+P ' TbiS WH1 b6 ° ,ear from a 

figure. The situatxon is akin to that of an eclipse. 

The time obtained for the occurrence of the pata 
under verses (11) to (14) indicates the middle of the 
duration of the pata. The duration of the pata is defined 
as the time that lasts as long as the declination of the 
highest point of one disc becomes equal to that of the 
lowest pomt of the other beginning from the moment a 
Which the declination of the lowest point of the one 
becomes equaUo that of the highest point of the second 
In other words, just like in an eclipse, so long as the 
distance between the diurnal paths traced by the centres 
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of the discs is less than the sum of their angular radii the 
pata lasts. Extending the meaning of this to Vaidhrti 
also bo long as the numerical difference of the declinations 
of the Sun and the Moon ignoring their direction happens 

lasts ° f ° f aDgUlar radii ' fche pSta 

( To obtain this duration of the pata the argument is 
If the sum or difference of the declinations according as 
they are of_opposite or the same direction (which was 
taken to be Adya under verses (11) to (14) ) was reduced to 
zero in the time computed that time being known as 
Spastaghatis, what time will be taken for a difference of 
declinations equal to the sum of the angular radii ?" 

The result is ^tgf* where , and P are the 

anpuhr radii of the Sun and the Moon, T the time 
calculated formerly known as Spastaghatis and Adya is as 
defined above. The above result gives the duration of the 
pata. 

Note. An approximate estimate of this duration could 
be obtained using differentiation. We have 

sin £ = sin X sin « so that 

oos g a8 = sin co cos X AA 

Let aa be the motion in longitude of the Moon with 
respect to the Sun per nadi which will be on the average 
12' approsimately. 

/. A$ = 8ia tt cos X X 12 

008 § 

If in one nadi, there be a variation in the declination 
equal to the above, what time will be taken for 16' + 16' 
the sum of the angular radii approximately ? The result is 
31 cos & 
12 sin {*> cos A 
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When x approaches 90°, the duration will be very 
much since cos A - o. This is true because the variation 
in the declination when a - 90°, is very slow even for the 
Moon. The above formula holds good so long as A does 
not approach 90°. 

Verse 17. It must be deemed that the declinations 
wi 1 be equal so long as the d.fference in the declinations 
is less than r -\- p numerically. 

inaJrf th , e ™ ° f Vaidhr6i ' We are a8ked t0 tak * the" sum 
instead of difference and difference instead of sum in 

oontratoinction. Why ? We shall see. We know that 

Va.dbrti occurs when the deolinotions of the Sun and the 

Moon are of equal magnitude but of opposite directions 

subject to the condition that the longitudes are such that 

their sum is approximately 360°. This condition is 

I T I t Caa8e Wh6n fche 8an is iQ the ^ q^draat 
and the Moon is m the 3rd quadrant and at the same time 
their dichnations are equal, the moment does not constitute 
ft^wo.^ 6 ^ ° f Io ^ itQdes » then less 
one of the two celestial bodies must be in the first quadrant 
and the other in the fourth quadrant, so that the sum of 
the longitudes could equal 360° and at the same time the 

It'^ TT 1 ^ 6 ^ though of opposite sign. Now 
compute the declinations of the Sun and the Moon at a 
particular moment. Suppose they are a and b and both 
are north. After a few ghatis or days compute again their 
declinations, say c and <*, both again being north. Suppose 
ihm efd< a + b t then Vaidhriti is going to occur. 
Construing northern declination to be positive and the 
southern negative, for Vaidhrti to occur a+b must be 
reduced to zero ie a and b are equal and of opposite 
direction. Now_the argument adduced is "If in time 
^ghatis or_day 8 a+b has become c+d (calling a+b as 
Adya and c+d as Anya) there is a decrease of Adya - Anya 
what time should lapse for a+b or Adya to reduce to' 
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zero?" The answer is ' a \ °> which gives the time 

Adya-Anya ° 

after which Vaidhrti is likely to occur. 

Suppose a and b the declinations observed at a particular 
moment, are one north and and the other south. Compute 
their difference a — b ; after a few ghatis or days again from 
the difference of the declinations c and d ie. o— d. If 
c—d < a—b then Vaidhrti is going to occur, otherwise it 
has elapsed. This is so because the difference has to vanish 
for Vaidhrti to occur. 

Viewing the situation algebraically, ie. construing 
northern declination to be positive and southern negative, 
we could have laid down only one criterion, instead of 
separating the issues and stipulating separate criteria. 
Proceeding on this basis, suppose the the Sun and the Moon 
are one in the first quadrant and the other in the second. 
Here both declinations are therefore positive. Compute 
their difference a—b; compute again the difference of 
o and d which are again northern declinations observed 
after a few ghatis or days. If c-d < a-b then Vyatipata 
is going to occur. 

Now take a case when one of a and b is north and the 
other south ; so also c and d. We are talking of a, c to be 
in the first quadrant and b, d in the fourth quadrant. Even 
now if c—d <a — b Vyatipata is going to occur. Thus 
there is no need to stipulate "Sum or difference". Difference 
alone counts now, because difference of one positive and the 
other negative quantities means sum only. Thus in the 
case of Vyatipata difference should tend to zero, whether 
both the declinations are north, or one north and the other 
south. 

Similarly in the case of Vaidhrti the sum should tend 
to zero because the algebraic sum of one positive northern 
declination and the other negative southern declination 
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shall be zero, if the declinations were to be equal and of 
opposite direotions. 

Here ends the Patadhyaya. 

Note Bhaskara gives two examples in the course 
of the commentary, one, to show the fallaoy in asserting 
that there would be a pata when the Sun is in an even 
quadrant, the Moon in an odd quadrant and the Moon's 
declination is less than that of the Sun ; and the other to 
show the fallacy in asserting that the pata has elapsed 
when it is still to take place, and that it is still to ocour 
when it has already elapsed. He quotes the example given 
in his Goladhyaya wherein the longitudes of the Sun, 
Moon and Eahn are 120°, 60* and 180° respectively, there 
being no Ayamastes, (Since at the time of Lalla, there 
were no Ayanams'as, Bhaskara gives such an example), 
Since the Sun is in an even quadrant and the Moon in 
an odd quadrant, Bhaskara says, that as per the verse of 
Lalla '^T^Jffij; sftai^^ng; etc.' there Bhould be a 
pata. But since the longitude of Eahu is 180°, Ketu 
is at the equinoctial point so that the lunar orbit 
lies between the ecliptic and th9 equator. Hence the 
declination of the Moon remains smaller than that of 
the Sun for a good length of time never equalling the 
declination of the Sun. This, Bhaskara says, is a fallaoy 
regarding f ^T¥n^' ie. ' Is there a pata or not ' beoause 
when there is actually no pata, Lalla's criterion leads to 
assert that there is one. It may be reiterated here, that 
Lalla gave a general criterion ignoring the latitude of the 
Moon ie. supposing the Moon to be moving on the ecliptic. 
Bhaskara takes the latitude also into consideration and 
proves that there is no pata. 

In the second example, which Bhaskara gives, he tries 
tp show the fallacy with respect to "irl*^" ie. asserting 
that a pata has elapsed when it is still to occur, and that 
it is to occur when it has already elapsed. 
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In this example the declinations of the Sun and Moon 
are respectively 1416', 1324', when their tropical longitudes 
are 80° and 100°. The Moon is in an even quadrant, 
and his declination is leas than that of the Sun. As per 
the criterion of Lalla given in the verse * c Q?T?qrJTjg; etc." 
the pata is not there at all. Bub Bhaskara computes and 
shows that the pata has occured 70 nadis before (Rahu 
having a reverse tropical longitude of 100°). We shall 
shew here, how using differential calculus we could cut 
short the prooess. We have 

sin $ = sin X sin <a ; differentiating 
cos g Ad — cos A sin <b or 
Ad = sin . cos a 

008 g 

= Ayanavalana X Variation in Bhuja. 

This could be seen graphically also from fig. 129. Let 
P and Q be two contiguous positions of the Sun (say) on 
the eoliptic when aro^Q = Let the increment in his 
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Fig. 129 

declination in going from P to Q be NQ equal to a$. 
Taking PNQ to be a plane a A$ = aJL sin v where 

v = QPN. We have named this angle to be v t because it 
is no other than the Ayanavalana which was formulated 

to be equal to ""J^ 8 * . Thus aS = AA X Xyana- 
valanajya. 
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LIST OF TECHNICAL TERMS 



I . Adhikamasa 



2. Agrajya 

3. Aksa (or) Pala 

4. Aksa Djkkarma 



5. Aksakarna 



6. Aksa-K§etra 



7. Akgavalanam 



8. AntyS 



A month gained by the lunar reckoning 
over the solar. This is located in that 
lunar month which does not contain a 
Samkramapa, 

The Hindu sine of the arc of the horizon 
in between the rising point of the Sun 
and the east point. 

Latitude (Terrestrial) 

The arc of the ecliptic between the point 
of intersection of the ecliptic with a 
secondary through the star to the prime 
vertical and the point of intersection of 
the ecliptic with the star's declination 
circle. 

The hypotenuse of the gnomonic triangle 
when its shadow is equal to what is called 
Visuvat-chaya 

A right-angled spherical triangle one of 
whose sides may be the arc of a small 
circle namely the diurnal circle but one of 
whose angles is a right angle and another 
equal to the terrestrial latitude. 

The angle at the point of the star in 
between the declination circle of the star 
and a secondary to the prime vertical 
through the star. 

The Hindu sine of an arc of the celestial 
equator corresponding to Hrti. 
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9 Asta 
10. Ayanabindu 



Setting or heliacal setting. 
Solstice. 



11. Ayana-Drkkarmai The arc of the ecliptic intercepted between 
its point of intersection with the star's 
declination circle and the secondary to the 
ecliptic through the star. 



12. Ayanaihiam 



13. Ayanavalanam 



The arc of the ecliptic in between the 
vernal equinoctial point and the Hindu 
zero of the ecliptic ie the first point of 
the Zodiacal sign called ASvini. 

The angle at the point of a star, between 
its declination circle and the secondary to 
the ecliptic through the star. 



14. Barhaspatyamana: The time taken by Jupiter to reside in a 
Rati, on the average, is called a jovian 
year. This falls short of a solar year. 



15. Bhaga 

16. Capa or 
Karmuka 

17. Carajya 



18. Candra-masa 

19. Chaya or Bha 

20. Chayabhuja 

21. Chayakarpa or 
Bhakarpa 



A degree 



: Arc. 



The Hindu sine of the arc intercepted 
between the east point and the declination 
circle of a rising star or planet or the 
Sun. 

The time between two consecutive full- 
moons or New moons*. 

Shadow cast by the gnomon. 

The projection of the shadow on the east- 
west line. 

The hypotenuse of the gnomonic triangle 
whose two sides are the gnomon and its 
shadow. 
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22; Chayakofi : 

23. Dhruva : 

24. Dhruvaka : 

25. Dhruva- : 
protavrttam 

26. Digjya : 

27. Dorjya or : 
Bhujajya 

28. Drg/ja ; 

29. Drg-lambana : 
:0. Dvaparayuga : 

31. Dyuj'ya : 

32. Dyujya-vrtta or : 
Ahoratra-vrtta 

33 ; G/ia/i or ATarfi : 

34. Grahapa \ 

35. iyf// or Isfafrfti: 

36. Kadamba : 

37. Kadamba- : 
protavftta 



The perpendicular from the extremity of 
a shadow on the east-west line. 

The star near the celestial pole or the 
celestial pole itself; 

The celestial longitude. 
The declination circle. 

The Hindu sine of the azimuth measured 
by the angle between the prime vertical 
and the vertical of a star or a planet. 

Hindu sine of celestial longitude. 

The Hindu sine of the Zenith distance. 
Total parallax. 

Twice the period of a kaliyuga. 

The Hindu cosine of declination or th& 
radius of the diurnal circle taking the 
radius of the celestial equator to be R 
equal to 3438 units. 

The diurnal circle of a star or a planet. 

An interval of time equal to 24.' (minutes) 
Eclipse. 

The Hindu sine of the arc of the diurnal 
circle from a point of the same upto the 
plane of the horizon. 

Pole of the ecliptic. 

A secondary to the ecliptic through a star 
or planet. 



648 



38. Kaksamantfala 

39. Kala 

40 Kala or Lipid 

41. Kaliyuga 

42. Kalpa 



43. Kramajya or 
simply jya or 
Jiva or guna 



: The deferent of a planet or the circle with 
the earth as centre and radius equal to 3438 
units. 

: The Hindu sine in the diurnal circle 
corresponding to the Sutra (given below). 
: A minute of angle. 

: The period consisting of 4,32,000 mean 
solar years. 

: Dvaparayuga is twice Kaliyuga; Tretayuga 
thrice and Kfta four times. All these put 
together constitute a Mahayuga. 71 Mafia- 
yugas make one Manvantara. Fourteen 
Manvantaras with what are called Sandhi 
periods on either side equal to a Krtayuga 
or thousand Mahayugas make a Kalpa. The 
creation is supposed to last one Kalpa, 
which is said to constitute the day time of 
Brahma, the Creator. His night also is of the 
same duration when there is no creation. It 
is held that we are now in what is called 
Sfveta-Varaha Kalpa, wherein the seventh 
Manvantara called Vaivasvata manvantara 
is current. In this Manvantara, twenty seven 
Mahayugas are supposed to have elapsed 
and in the twenty-eighth Mahayuga, krta 
Treta and Dvaparayugas have elapsed and 
that we are now in the Kaliyuga. In this 
Kaliyuga which began on the day when 
Lord Krsna gave up his mortal coil, 508O 
mean solar years have elapsed by about 
21 March, 1979. 

i Hindu sine of an angle. 



44. Karapa 



t Half of the duration of a tithi. 



45. Karpagrajya or 
simply Karpagra 



46. Kendra 

47. Ketu 

48. Kha-Svastika 

49. Kofijya 

50. Kranti or Apama : 

51. Kranti-Vrftam : 

52. Krtayuga ; 

53. Ksayamasa • 

54. Ksitija 

55. iSTtt/ya 

56. Lagna 

57. Lathbajya 

58. Lambana : 

59. Mahayuga ] : 

60. Manvantara : 
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The Hindu sine Agrajya multiplied by K 
and divided by R where K is the hypotenuse 
of the gnomonic triangle whose two sides 
are the gnomon and its shadow and R the 
radius of the celestial sphere taken to be 
3438 units. 

The centre of a circle. ' 

The diametrically opposite point of Rahu. 
Rahu also means the circular section of the 
earth's shadow at the Moon. 

The Zenith at a place. 

Hindu Cosine of an angle. 

The declination of a point on the ecliptic. 

Ecliptic. 

Four times the period of a Kaliyuga. 

That lunar month in which there are two 
Sathkramapas. 

The Horizon at a place. 

The Hindu sine measured in the diurnal 
circle corresponding to the Carajya defined 
above. 

The Raii which rises at any moment or the 
rising point of the ecliptic. 

The Hindu Cosine of the latitude. 

Parallax in longitude. 

The Sum of the four jyugas mentioned above. 
A period equal to 71 Mahayugas. 
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6i. Naksatra 



62. Nak$atra-Dina 

63. Nak$atra-masa 

64. Natakala 

65. NatarhSajya 

66. Nati 

67. Nicoccavftta 

68. Parama-Antya 



69. Paramakranti 



70. Pato 



71. Praci 

72. Pracyapara 

73. Prativrtta 



A star. Also the time which elapses as 
the longitude of the Moon increases by 
13^ degrees starting from the zero point of 
Aivini. 

The time that elapses between two consecutive 
risings of a star. 

The time taken by the Moon to go from 
Aivini again to Aivini. 

Hour angle measured in ghat is, 

Hindu sine of the Zenith distance. 

Parallax in latitude. 

Epicycle. 

The Antya when the celestial body is at 
the point of intersection of the celestial 
equator and the meridian or what is the 
same at the point of culmination. 

Obliquity of the ecliptic taken by the Hindu 
astronomers to be 24°. 

The point of time when the declinations 
of the Sun and the Moon are equal and 
of the same sign or opposite sign. Also it 
means the point of intersection of two great 
circles. 

East point. 
East-west line. 

The circle in which the planet moves and 
whose centre is at a distance from the 
centre of the Kak§amandala or the orbit 
of the mean planet. This is the same as 
the orbit of the the true planet supposed 
to be a circle. 
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74. Rahu 



75. Raii 

76. Samabindu or 
Udagbindu 

77. Samamandala 

78. Sama-Sfanku 

79. Sarhkramapa 



80. tfarifca 

81. Sa/i&w 

means) 

82. aAku-cchaya 

83. Saura-masa 

84. tfara 

85. Savanaha 

86. Su/ra 

87. Taddhrti 

88. ri'f/iJ 



: The point of intersection of the Moon's 
path with the ecliptic (ascending point of 
the Moon's path). Also it means the 
circular section of the earth's shadow at 
the Moon. 

■ : An arc equal to 30 Q (on the ecliptic). 
: North point; 

: Prime vertical. a 

: The Hindu cosine of the altitude when the 
Sun is on the Prime Vertical. 

i The point of time when the Sun enters 
from one Rati to another of the twelve 
Raiis, Mesa etc. measured from the zero- 
point of the Hindu Zodiac. 

: Gnomon. 

: The Hindu sine of the Altitude. 

: The shadow cast by the gnomon. 

: The time when the Sun occupies one RaiU 

: The Hindu versed-sine of the hour-angle; 
Also it means celestial latitude. 

: The time between two consecutive Sun-rises. 

: The Hindu sine of the complement of the 
hour-angle. 

: The Hrti of a celestial body when it is 
on the prime vertical. 

l The time taken by the elongation of the 
moon to increase by 12° starting from 



zero. 



89. Tithi- k; ay a 



90. Tretayuga 

91. Trijya 

92. Udaya 

93. Unmapddla or 
Udvrtta 

94. Unmapgala 
8afiku 

95. Upavrtta 

96. Vighafi or Vinadi: 

97. Vik$epa or iara : 
or Viiikha 

98. Viguvatbindu i 
99* Visuvat-chayS i 
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: Since a 7M/ falls short of a Savansha 
or civil day, in course of time, it so 
happens, that a tithi begins after sun-rise 
and does not last upto the next sua-rise. 
Such a tithi is said to be lost and goes 
by the name Tithi k?aya. One such tithi 
ksaya occurs out of 64 tithis approximately 
or eleven out of 703 more approximately. 

Thrice the period of a Kaliyuga. 

The Hindu sine of three Rasis or 90° 
equal to R or 3438 units. 

Rising or heliacal rising. 

The great circle through the celestial pole 
and the east point. 

The Hindu cosine of the altitude of a 
celestial body situated on the unmandah. 

A small circle parallel to the prime vertical 
through a star or a planet. 

One sixtieth of a ghati. 
Celestial latitude. 



Equinoctial point. 

The shadow cast by the gnomon when the 
Sun is at- the point of intersection of the 
celestial equator and the meridian on an 
equinoctrial day. 



100. Vi$uvat-Vrtta : Celestial equator. 

101. Vrtta or Mapdala; A circle. 
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102. Yarhyottara- : The Hindu sine of the Altitude of a 
sathku or Celestial body situated on the meridian. 
Dinar dha-S ahku 

103. Yamyottaravrtta : The meridian at a place. 

104. Yaf'fi : R a - Ayanavalanaja* 

Yasfi has also another meaning namely 
the length of the perpendicular from a 
point on the diurnal circle on the plane 
parallel to the plane of the horizon through 
the point of intersection of the diurnal 
circle with the unman da la. 

105. Yoga : The time which elapses when the sum of 

the longitudes of the Sun and the Moon 
to increase by mo. starting from zero. 



106. Yuti 



Conjunction. 



